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Chapter 1

Introduction to Pollution

Air pollution from World War Il weapon production in Alabama

Pollution is the introduction of contaminants into a natural environment that
causes instability, disorder, harm or discomfort to the ecosystem i.e. physical
systems or living organisms. Pollution can take the form of chemical substances or
energy, such as noise, heat, or light. Pollutants, the elements of pollution, can be
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foreign substances or energies, or naturally occurring; when naturally occurring,
they are considered contaminants when they exceed natural levels. Pollution is
often classed as point source or nonpoint source pollution. The Blacksmith
Institute issues annually a list of the world's worst polluted places. In the 2007
issues the ten top nominees are located in Azerbaijan, China, India, Peru, Russia,
Ukraine, and Zambia.

Ancient cultures

Air pollution has always been with us. According to a 1983 article in the journal
Science, "soot found on ceilings of prehistoric caves provides ample evidence of
the high levels of pollution that was associated with inadequate ventilation of open
fires." The forging of metals appears to be a key turning point in the creation of
significant air pollution levels outside the home. Core samples of glaciers in
Greenland indicate increases in pollution associated with Greek, Roman and
Chinese metal production.

Official acknowledgement

The earliest known writings concerned with pollution were written between the 9th
and 13th centuries by Persian scientists such as Muhammad ibn Zakariya Razi
(Rhazes), Ibn Sina (Avicenna), and al-Masihi or were Arabic medical treatises
written by physicians such as al-Kindi (Alkindus), Qusta ibn Luqga (Costa ben
Luca), Ibn Al-Jazzar, al-Tamimi, Ali ibn Ridwan, Ibn Jumay, Isaac Israeli ben
Solomon, Abd-el-latif, Ibn al-Quff, and Ibn al-Nafis. Their works covered a
number of subjects related to pollution such as air contamination, water
contamination, soil contamination, solid waste mishandling, and environmental
assessments of certain localities.

King Edward I of England banned the burning of sea-coal by proclamation in
London in 1272, after its smoke had become a problem. But the fuel was so
common in England that this earliest of names for it was acquired because it could
be carted away from some shores by the wheelbarrow. Air pollution would
continue to be a problem in England, especially later during the industrial
revolution, and extending into the recent past with the Great Smog of 1952. This
same city also recorded one of the earlier extreme cases of water quality problems
with the Great Stink on the Thames of 1858, which led to construction of the
London sewerage system soon afterward.

It was the industrial revolution that gave birth to environmental pollution as we
know it today. The emergence of great factories and consumption of immense

WORLD TECHNOLOGIES




quantities of coal and other fossil fuels gave rise to unprecedented air pollution and
the large volume of industrial chemical discharges added to the growing load of
untreated human waste. Chicago and Cincinnati were the first two American cities
to enact laws ensuring cleaner air in 1881. Other cities followed around the country
until early in the 20th century, when the short lived Office of Air Pollution was
created under the Department of the Interior. Extreme smog events were
experienced by the cities of Los Angeles and Donora, Pennsylvania in the late
1940s, serving as another public reminder.

Modern awareness

Pollution became a popular issue after World War II, due to radioactive fallout
from atomic warfare and testing. Then a non-nuclear event, The Great Smog of
1952 in London, killed at least 4000 people. This prompted some of the first major
modern environmental legislation, The Clean Air Act of 1956.

Pollution began to draw major public attention in the United States between the
mid-1950s and early 1970s, when Congress passed the Noise Control Act, the
Clean Air Act, the Clean Water Act and the National Environmental Policy Act.

Bad bouts of local pollution helped increase consciousness. PCB dumping in the
Hudson River resulted in a ban by the EPA on consumption of its fish in 1974.
Long-term dioxin contamination at Love Canal starting in 1947 became a national
news story in 1978 and led to the Superfund legislation of 1980. Legal proceedings
in the 1990s helped bring to light Chromium-6 releases in California--the
champions of whose victims became famous. The pollution of industrial land gave
rise to the name brownfield, a term now common in city planning. DDT was
banned in most of the developed world after the publication of Rachel Carson's
Silent Spring.

The development of nuclear science introduced radioactive contamination, which
can remain lethally radioactive for hundreds of thousands of years. Lake Karachay,
named by the Worldwatch Institute as the "most polluted spot" on earth, served as
a disposal site for the Soviet Union thoroughout the 1950s and 1960s. Second
place may go to the area of Chelyabinsk U.S.S.R. as the "Most polluted place on
the planet".

Nuclear weapons continued to be tested in the Cold War, sometimes near inhabited
areas, especially in the earlier stages of their development. The toll on the worst-
affected populations and the growth since then in understanding about the critical
threat to human health posed by radioactivity has also been a prohibitive
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complication associated with nuclear power. Though extreme care is practiced in
that industry, the potential for disaster suggested by incidents such as those at
Three Mile Island and Chernobyl pose a lingering specter of public mistrust. One
legacy of nuclear testing before most forms were banned has been significantly
raised levels of background radiation.

International catastrophes such as the wreck of the Amoco Cadiz oil tanker off the
coast of Brittany in 1978 and the Bhopal disaster in 1984 have demonstrated the
universality of such events and the scale on which efforts to address them needed
to engage. The borderless nature of atmosphere and oceans inevitably resulted in
the implication of pollution on a planetary level with the issue of global warming.
Most recently the term persistent organic pollutant (POP) has come to describe a
group of chemicals such as PBDEs and PFCs among others. Though their effects
remain somewhat less well understood owing to a lack of experimental data, they
have been detected in various ecological habitats far removed from industrial
activity such as the Arctic, demonstrating diffusion and bioaccumulation after only
a relatively brief period of widespread use.

Growing evidence of local and global pollution and an increasingly informed
public over time have given rise to environmentalism and the environmental
movement, which generally seek to limit human impact on the environment.
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Forms of pollution

The Lachine Canal in Montreal Canada, is polluted

The major forms of pollution are listed below along with the particular pollutants
relevant to each of them:

« Air pollution, the release of chemicals and particulates into the
atmosphere. Common gaseous air pollutants include carbon monoxide,
sulfur dioxide, chlorofluorocarbons (CFCs) and nitrogen oxides produced by
industry and motor vehicles. Photochemical ozone and smog are created as
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nitrogen oxides and hydrocarbons react to sunlight. Particulate matter, or
fine dust is characterized by their micrometre size PM;o to PM,s.

Light pollution, includes light trespass, over-illumination and astronomical
interference.

Littering

Noise pollution, which encompasses roadway noise, aircraft noise,
industrial noise as well as high-intensity sonar.

Soil contamination occurs when chemicals are released by spill or
underground leakage. Among the most significant soil contaminants are
hydrocarbons, heavy metals, MTBE, herbicides, pesticides and chlorinated
hydrocarbons.

Radioactive contamination, resulting from 20th century activities in atomic
physics, such as nuclear power generation and nuclear weapons research,
manufacture and deployment.

Thermal pollution, is a temperature change in natural water bodies caused
by human influence, such as use of water as coolant in a power plant.
Visual pollution, which can refer to the presence of overhead power lines,
motorway billboards, scarred landforms (as from strip mining), open
storage of trash or municipal solid waste.

Water pollution, by the release of waste products and contaminants into
surface runoff into river drainage systems, leaching into groundwater,
liquid spills, wastewater discharges, eutrophication and littering.
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Pollutant

Surface runoff, also called nonpoint source pollution, from a farm field in lowa,

United States during a rain storm. Topsoil as well as farm fertilizers and other
potential pollutants run off unprotected farm fields when heavy rains occur.

A pollutant is a waste material that pollutes air, water or soil, and is the cause of
pollution.

Three factors determine the severity of a pollutant: its chemical nature, its
concentration and its persistence. Some pollutants are biodegradable and therefore
will not persist in the environment in the long term. However the degradation
products of some pollutants are themselves polluting such as the products DDE
and DDD produced from degradation of DDT

Types of pollutants

Stock pollutants
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Pollutants that the environment has little or no absorptive capacity are called stock
pollutants (e.g. persistent synthetic chemicals, non-biodegradable plastics, and
heavy metals). Stock pollutants accumulate in the environment over time. The
damage they cause increases as more pollutant is emitted, and persists as the
pollutant accumulates. Stock pollutants can create a burden for future generations
by passing on damage that persists well after the benefits received from incurring
that damage have been forgotten.

Fund pollutants

Fund pollutants are those for which the environment has some absorptive capacity.
Fund pollutants do not cause damage to the environment unless the emission rate
exceeds the receiving environment's absorptive capacity (e.g. carbon dioxide,
which is absorbed by plants and oceans). Fund pollutants are not destroyed, but
rather converted into less harmful substances, or diluted/dispersed to non-harmful
concentrations.

Notable pollutants
Notable pollutants include the following groups:

o Heavy metals

o Persistent organic pollutants

o Polycyclic aromatic hydrocarbons
« Volatile organic compounds

o Environmental xenobiotics

Z.ones of influence

Pollutants can also be defined by their zones of influence, both horizontally and
vertically.

Horizontal zone

The horizontal zone refers to the area that is damaged by a pollutant. Local
pollutants cause damage near the emission source. Regional pollutants cause
damage further from the emission source.
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Vertical zone

The vertical zone is referred to whether the damage is ground-level or atmospheric.
Surface pollutants cause damage by concentrations of the pollutant accumulating
near the Earth's surface Global pollutants cause damage by concentrations in the
atmosphere

Regulation
International

Pollutants can cross international borders and therefore international regulations
are needed for their control. The Stockholm Convention on Persistent Organic
Pollutants, which entered into force in 2004, is an international legally binding
agreement for the control of persistent organic pollutants. Pollutant Release and
Transfer Registers (PRTR) are systems to collect and disseminate information on
environmental releases and transfers of toxic chemicals from industrial and other
facilities.

European Union

The European Pollutant Emission Register is a type of PRTR providing access to
information on the annual emissions of industrial facilities in the Member States of
the European Union, as well as Norway.

United States

Clean Air Act standards. Under the Clean Air Act, the National Ambient Air
Quality Standards (NAAQS) are standards developed for outdoor air quality. The
National Emissions Standards for Hazardous Air Pollutants are emission standards

that are set by the Environmental Protection Agency (EPA) which are not covered
by the NAAQS.

Clean Water Act standards. Under the Clean Water Act, EPA promulgated
national standards for municipal sewage treatment plants, also called publicly
owned treatment works, in the Secondary Treatment Regulation. National
standards for industrial dischargers are called Effluent guidelines (for existing
sources) and New Source Performance Standards, and currently cover over 50
industrial categories. In addition, the Act requires states to publish water quality
standards for individual water bodies to provide additional protection where the
national standards are insufficient.
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RCRA standards. The Resource Conservation and Recovery Act (RCRA)
regulates the management, transport and disposal of municipal solid waste,
hazardous waste and underground storage tanks.

Sources and causes

Air pollution comes from both natural and man made sources. Though globally
man made pollutants from combustion, construction, mining, agriculture and
warfare are increasingly significant in the air pollution equation.

Motor vehicle emissions are one of the leading causes of air pollution. China,
United States, Russia, Mexico, and Japan are the world leaders in air pollution
emissions. Principal stationary pollution sources include chemical plants, coal-
fired power plants, oil refineries, petrochemical plants, nuclear waste disposal
activity, incinerators, large livestock farms (dairy cows, pigs, poultry, etc.), PVC
factories, metals production factories, plastics factories, and other heavy industry.
Agricultural air pollution comes from contemporary practices which include clear
felling and burning of natural vegetation as well as spraying of pesticides and
herbicides

About 400 million metric tons of hazardous wastes are generated each year. The
United States alone produces about 250 million metric tons. Americans constitute
less than 5% of the world's population, but produce roughly 25% of the world’s
CO,, and generate approximately 30% of world’s waste. In 2007, China has
overtaken the United States as the world's biggest producer of CO,.

In February 2007, a report by the Intergovernmental Panel on Climate Change
(IPCC), representing the work of 2,500 scientists from more than 130 countries,
said that humans have been the primary cause of global warming since 1950.
Humans have ways to cut greenhouse gas emissions and avoid the consequences of
global warming, a major climate report concluded. But in order to change the
climate, the transition from fossil fuels like coal and oil needs to occur within
decades, according to the final report this year from the UN's Intergovernmental
Panel on Climate Change (IPCC).

Some of the more common soil contaminants are chlorinated hydrocarbons (CFH),
heavy metals (such as chromium, cadmium--found in rechargeable batteries, and
lead--found in lead paint, aviation fuel and still in some countries, gasoline),
MTBE, zinc, arsenic and benzene. In 2001 a series of press reports culminating in
a book called Fateful Harvest unveiled a widespread practice of recycling
industrial byproducts into fertilizer, resulting in the contamination of the soil with
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various metals. Ordinary municipal landfills are the source of many chemical
substances entering the soil environment (and often groundwater), emanating from
the wide variety of refuse accepted, especially substances illegally discarded there,
or from pre-1970 landfills that may have been subject to little control in the U.S. or
EU. There have also been some unusual releases of polychlorinated
dibenzodioxins, commonly called dioxins for simplicity, such as TCDD.

Pollution can also be the consequence of a natural disaster. For example,
hurricanes often involve water contamination from sewage, and petrochemical
spills from ruptured boats or automobiles. Larger scale and environmental damage
is not uncommon when coastal oil rigs or refineries are involved. Some sources of
pollution, such as nuclear power plants or oil tankers, can produce widespread and
potentially hazardous releases when accidents occur.

In the case of noise pollution the dominant source class is the motor vehicle,
producing about ninety percent of all unwanted noise worldwide.

Effects

Human health

Health effects of pollution

Air pollution
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Overview of main health effects on humans from some common types of
pollution.
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Adverse air quality can kill many organisms including humans. Ozone pollution
can cause respiratory disease, cardiovascular disease, throat inflammation, chest
pain, and congestion. Water pollution causes approximately 14,000 deaths per day,
mostly due to contamination of drinking water by untreated sewage in developing
countries. An estimated 700 million Indians have no access to a proper toilet, and
1,000 Indian children die of diarrhoeal sickness every day. Nearly 500 million
Chinese lack access to safe drinking water. 656,000 people die prematurely each
year in China because of air pollution. In India, air pollution is believed to cause
527,700 fatalities a year. Studies have estimated that the number of people killed
annually in the US could be over 50,000.

Oil spills can cause skin irritations and rashes. Noise pollution induces hearing
loss, high blood pressure, stress, and sleep disturbance. Mercury has been linked to
developmental deficits in children and neurologic symptoms. Older people are
majorly exposed to diseases induced by air pollution. Those with heart or lung
disorders are under additional risk. Children and infants are also at serious risk.
Lead and other heavy metals have been shown to cause neurological problems.
Chemical and radioactive substances can cause cancer and as well as birth defects.

Environment

Pollution has been found to be present widely in the environment. There are a
number of effects of this:

« Biomagnification describes situations where toxins (such as heavy metals)
may pass through trophic levels, becoming exponentially more
concentrated in the process.

» Carbon dioxide emissions cause ocean acidification, the ongoing decrease
in the pH of the Earth's oceans as CO, becomes dissolved.

« The emission of greenhouse gases leads to global warming which affects
ecosystems in many ways.

« Invasive species can out compete native species and reduce biodiversity.
Invasive plants can contribute debris and biomolecules (allelopathy) that
can alter soil and chemical compositions of an environment, often reducing
native species competitiveness.

» Nitrogen oxides are removed from the air by rain and fertilise land which
can change the species composition of ecosystems.
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« Smog and haze can reduce the amount of sunlight received by plants to
carry out photosynthesis and leads to the production of tropospheric ozone
which damages plants.

« Soil can become infertile and unsuitable for plants. This will affect other
organisms in the food web.

« Sulphur dioxide and nitrogen oxides can cause acid rain which lowers the
pH value of soil.

Environmental health information

The Toxicology and Environmental Health Information Program (TEHIP) at the
United States National Library of Medicine (NLM) maintains a comprehensive
toxicology and environmental health web site that includes access to resources
produced by TEHIP and by other government agencies and organizations. This
web site includes links to databases, bibliographies, tutorials, and other scientific
and consumer-oriented resources. TEHIP also is responsible for the Toxicology
Data Network (TOXNET®) an integrated system of toxicology and environmental
health databases that are available free of charge on the web.

TOXMAP is a Geographic Information System (GIS) that is part of TOXNET.
TOXMAP uses maps of the United States to help users visually explore data from
the United States Environmental Protection Agency's (EPA) Toxics Release
Inventory and Superfund Basic Research Programs.
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Chapter 2

Air Pollution

Air pollution from World War Il production
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Smog over Santiago, Chile

Air pollution is the introduction of chemicals, particulate matter, or biological materials that
cause harm or discomfort to humans or other living organisms, or damages the natural
environment into the atmosphere.

The atmosphere is a complex dynamic natural gaseous system that is essential to support life on
planet Earth. Stratospheric ozone depletion due to air pollution has long been recognized as a

threat to human health as well as to the Earth's ecosystems.

Indoor air pollution and urban air quality are listed as two of the world's worst pollution
problems in the 2008 Blacksmith Institute World's Worst Polluted Places report.
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Pollutants

Before flue gas desulfurization was installed, the emissions from this power plant in New Mexico

contained excessive amounts of sulfur dioxide.
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Schematic drawing, causes and effects of air pollution: (1) greenhouse effect, (2) particulate
contamination, (3) increased UV radiation, (4) acid rain, (5) increased ozone concentration, (6) increased

levels of nitrogen oxides

An air pollutant is known as a substance in the air that can cause harm to humans and the
environment. Pollutants can be in the form of solid particles, liquid droplets, or gases. In
addition, they may be natural or man-made.

Pollutants can be classified as either primary or secondary. Usually, primary pollutants are
substances directly emitted from a process, such as ash from a volcanic eruption, the carbon
monoxide gas from a motor vehicle exhaust or sulfur dioxide released from factories.

Secondary pollutants are not emitted directly. Rather, they form in the air when primary
pollutants react or interact. An important example of a secondary pollutant is ground level

ozone — one of the many secondary pollutants that make up photochemical smog.

Note that some pollutants may be both primary and secondary: that is, they are both emitted
directly and formed from other primary pollutants.

About 4 percent of deaths in the United States can be attributed to air pollution, according to the
Environmental Science Engineering Program at the Harvard School of Public Health.
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Major primary pollutants produced by human activity include:

e Sulfur oxides (SO,) - especially sulfur dioxide, a chemical compound with the formula SO,. SO, is
produced by volcanoes and in various industrial processes. Since coal and petroleum often
contain sulfur compounds, their combustion generates sulfur dioxide. Further oxidation of SO,,
usually in the presence of a catalyst such as NO,, forms H,S0,, and thus acid rain. This is one of
the causes for concern over the environmental impact of the use of these fuels as power
sources.

e Nitrogen oxides (NO,) - especially nitrogen dioxide are emitted from high temperature
combustion. Can be seen as the brown haze dome above or plume downwind of cities. Nitrogen
dioxide is the chemical compound with the formula NO,. It is one of the several nitrogen oxides.
This reddish-brown toxic gas has a characteristic sharp, biting odor. NO, is one of the most
prominent air pollutants.

e Carbon monoxide - is a colourless, odourless, non-irritating but very poisonous gas. It is a
product by incomplete combustion of fuel such as natural gas, coal or wood. Vehicular exhaust
is a major source of carbon monoxide.

e Carbon dioxide (CO,) - a greenhouse gas emitted from combustion but is also a gas vital to living
organisms. It is a natural gas in the atmosphere.

e Volatile organic compounds - VOCs are an important outdoor air pollutant. In this field they are
often divided into the separate categories of methane (CH4;) and non-methane (NMVOCs).
Methane is an extremely efficient greenhouse gas which contributes to enhanced global
warming. Other hydrocarbon VOCs are also significant greenhouse gases via their role in
creating ozone and in prolonging the life of methane in the atmosphere, although the effect
varies depending on local air quality. Within the NMVOCs, the aromatic compounds benzene,
toluene and xylene are suspected carcinogens and may lead to leukemia through prolonged
exposure. 1,3-butadiene is another dangerous compound which is often associated with
industrial uses.

e Particulate matter - Particulates, alternatively referred to as particulate matter (PM) or fine
particles, are tiny particles of solid or liquid suspended in a gas. In contrast, aerosol refers to
particles and the gas together. Sources of particulate matter can be man made or natural. Some
particulates occur naturally, originating from volcanoes, dust storms, forest and grassland fires,
living vegetation, and sea spray. Human activities, such as the burning of fossil fuels in vehicles,
power plants and various industrial processes also generate significant amounts of aerosols.
Averaged over the globe, anthropogenic aerosols—those made by human activities—currently
account for about 10 percent of the total amount of aerosols in our atmosphere. Increased
levels of fine particles in the air are linked to health hazards such as heart disease, altered lung
function and lung cancer.

e Persistent free radicals connected to airborne fine particles could cause cardiopulmonary
disease.

e Toxic metals, such as lead, cadmium and copper.

e Chlorofluorocarbons (CFCs) - harmful to the ozone layer emitted from products currently
banned from use.

e Ammonia (NHs) - emitted from agricultural processes. Ammonia is a compound with the formula
NHs. It is normally encountered as a gas with a characteristic pungent odor. Ammonia
contributes significantly to the nutritional needs of terrestrial organisms by serving as a
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precursor to foodstuffs and fertilizers. Ammonia, either directly or indirectly, is also a building
block for the synthesis of many pharmaceuticals. Although in wide use, ammonia is both caustic
and hazardous.

e Odors — such as from garbage, sewage, and industrial processes

e Radioactive pollutants - produced by nuclear explosions, war explosives, and natural processes
such as the radioactive decay of radon.

Secondary pollutants include:

e Particulate matter formed from gaseous primary pollutants and compounds in photochemical
smog. Smog is a kind of air pollution; the word "smog" is a portmanteau of smoke and fog.
Classic smog results from large amounts of coal burning in an area caused by a mixture of smoke
and sulfur dioxide. Modern smog does not usually come from coal but from vehicular and
industrial emissions that are acted on in the atmosphere by sunlight to form secondary
pollutants that also combine with the primary emissions to form photochemical smog.

e Ground level ozone (03) formed from NO, and VOCs. Ozone (Os) is a key constituent of the
troposphere (it is also an important constituent of certain regions of the stratosphere commonly
known as the Ozone layer). Photochemical and chemical reactions involving it drive many of the
chemical processes that occur in the atmosphere by day and by night. At abnormally high
concentrations brought about by human activities (largely the combustion of fossil fuel), it is a
pollutant, and a constituent of smog.

e Peroxyacetyl nitrate (PAN) - similarly formed from NO, and VOCs.

Minor air pollutants include:

e Alarge number of minor hazardous air pollutants. Some of these are regulated in USA under the
Clean Air Act and in Europe under the Air Framework Directive.
e Avariety of persistent organic pollutants, which can attach to particulate matter.

Persistent organic pollutants (POPs) are organic compounds that are resistant to environmental
degradation through chemical, biological, and photolytic processes. Because of this, they have
been observed to persist in the environment, to be capable of long-range transport,
bioaccumulate in human and animal tissue, biomagnify in food chains, and to have potential
significant impacts on human health and the environment.
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Sources

Dust storm approaching Stratford, Texas

Controlled burning of a field outside of Statesboro, Georgia in preparation for spring planting
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Sources of air pollution refer to the various locations, activities or factors which are responsible
for the releasing of pollutants in the atmosphere. These sources can be classified into two major
categories which are:

Anthropogenic sources (human activity) mostly related to burning different kinds of fuel

e "Stationary Sources" include smoke stacks of power plants, manufacturing facilities (factories)
and waste incinerators, as well as furnaces and other types of fuel-burning heating devices

e "Mobile Sources" include motor vehicles, marine vessels, aircraft and the effect of sound etc.

e Chemicals, dust and controlled burn practices in agriculture and forestry management.
Controlled or prescribed burning is a technique sometimes used in forest management, farming,
prairie restoration or greenhouse gas abatement. Fire is a natural part of both forest and
grassland ecology and controlled fire can be a tool for foresters. Controlled burning stimulates
the germination of some desirable forest trees, thus renewing the forest.

e Fumes from paint, hair spray, varnish, aerosol sprays and other solvents

e Waste deposition in landfills, which generate methane. Methane is not toxic; however, it is
highly flammable and may form explosive mixtures with air. Methane is also an asphyxiant and
may displace oxygen in an enclosed space. Asphyxia or suffocation may result if the oxygen
concentration is reduced to below 19.5% by displacement

e Military, such as nuclear weapons, toxic gases, germ warfare and rocketry

Natural sources

e Dust from natural sources, usually large areas of land with little or no vegetation.

e Methane, emitted by the digestion of food by animals, for example cattle.

¢ Radon gas from radioactive decay within the Earth's crust. Radon is a colorless, odorless,
naturally occurring, radioactive noble gas that is formed from the decay of radium. It is
considered to be a health hazard. Radon gas from natural sources can accumulate in buildings,
especially in confined areas such as the basement and it is the second most frequent cause of
lung cancer, after cigarette smoking.

e Smoke and carbon monoxide from wildfires.
e Volcanic activity, which produce sulfur, chlorine, and ash particulates.

Emission factors

Air pollutant emission factors are representative values that attempt to relate the quantity of a
pollutant released to the ambient air with an activity associated with the release of that pollutant.
These factors are usually expressed as the weight of pollutant divided by a unit weight, volume,
distance, or duration of the activity emitting the pollutant (e.g., kilograms of particulate emitted
per megagram of coal burned). Such factors facilitate estimation of emissions from various
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sources of air pollution. In most cases, these factors are simply averages of all available data of
acceptable quality, and are generally assumed to be representative of long-term averages.

The United States Environmental Protection Agency has published a compilation of air pollutant
emission factors for a multitude of industrial sources. The United Kingdom, Australia, Canada
and many other countries have published similar compilations, as well as the European
Environment Agency.

Indoor air quality (IAQ)

A lack of ventilation indoors concentrates air pollution where people often spend the majority of
their time. Radon (Rn) gas, a carcinogen, is exuded from the Earth in certain locations and
trapped inside houses. Building materials including carpeting and plywood emit formaldehyde
(H2CO) gas. Paint and solvents give off volatile organic compounds (VOCs) as they dry. Lead
paint can degenerate into dust and be inhaled. Intentional air pollution is introduced with the use
of air fresheners, incense, and other scented items. Controlled wood fires in stoves and fireplaces
can add significant amounts of smoke particulates into the air, inside and out. Indoor pollution
fatalities may be caused by using pesticides and other chemical sprays indoors without proper
ventilation.

Carbon monoxide (CO) poisoning and fatalities are often caused by faulty vents and chimneys,
or by the burning of charcoal indoors. Chronic carbon monoxide poisoning can result even from
poorly adjusted pilot lights. Traps are built into all domestic plumbing to keep sewer gas,
hydrogen sulfide, out of interiors. Clothing emits tetrachloroethylene, or other dry cleaning
fluids, for days after dry cleaning.

Though its use has now been banned in many countries, the extensive use of asbestos in
industrial and domestic environments in the past has left a potentially very dangerous material in
many localities. Asbestosis is a chronic inflammatory medical condition affecting the tissue of
the lungs. It occurs after long-term, heavy exposure to asbestos from asbestos-containing
materials in structures. Sufferers have severe dyspnea (shortness of breath) and are at an
increased risk regarding several different types of lung cancer. As clear explanations are not
always stressed in non-technical literature, care should be taken to distinguish between several
forms of relevant diseases. According to the World Health Organisation (WHO), these may
defined as; asbestosis, /lung cancer, and mesothelioma (generally a very rare form of cancer,
when more widespread it is almost always associated with prolonged exposure to asbestos).

Biological sources of air pollution are also found indoors, as gases and airborne particulates. Pets
produce dander, people produce dust from minute skin flakes and decomposed hair, dust mites in
bedding, carpeting and furniture produce enzymes and micrometre-sized fecal droppings,
inhabitants emit methane, mold forms in walls and generates mycotoxins and spores, air
conditioning systems can incubate Legionnaires' disease and mold, and houseplants, soil and
surrounding gardens can produce pollen, dust, and mold. Indoors, the lack of air circulation
allows these airborne pollutants to accumulate more than they would otherwise occur in nature.
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Health effects

The World Health Organization states that 2.4 million people die each year from causes directly
attributable to air pollution, with 1.5 million of these deaths attributable to indoor air pollution.
"Epidemiological studies suggest that more than 500,000 Americans die each year from
cardiopulmonary disease linked to breathing fine particle air pollution." A study by the
University of Birmingham has shown a strong correlation between pneumonia related deaths and
air pollution from motor vehicles. Worldwide more deaths per year are linked to air pollution
than to automobile accidents. Published in 2005 suggests that 310,000 Europeans die from air
pollution annually. Direct causes of air pollution related deaths include aggravated asthma,
bronchitis, emphysema, lung and heart diseases, and respiratory allergies. The US EPA estimates
that a proposed set of changes in diesel engine technology (7ier 2) could result in 12,000 fewer
premature mortalities, 15,000 fewer heart attacks, 6,000 fewer emergency room visits by
children with asthma, and 8,900 fewer respiratory-related hospital admissions each year in the
United States.

The worst short term civilian pollution crisis in India was the 1984 Bhopal Disaster. Leaked
industrial vapors from the Union Carbide factory, belonging to Union Carbide, Inc., U.S.A.,
killed more than 2,000 people outright and injured anywhere from 150,000 to 600,000 others,
some 6,000 of whom would later die from their injuries. The United Kingdom suffered its worst
air pollution event when the December 4 Great Smog of 1952 formed over London. In six days
more than 4,000 died, and 8,000 more died within the following months. An accidental leak of
anthrax spores from a biological warfare laboratory in the former USSR in 1979 near Sverdlovsk
is believed to have been the cause of hundreds of civilian deaths. The worst single incident of air
pollution to occur in the United States of America occurred in Donora, Pennsylvania in late
October, 1948, when 20 people died and over 7,000 were injured.

The health effects caused by air pollutants may range from subtle biochemical and physiological
changes to difficulty in breathing, wheezing, coughing and aggravation of existing respiratory
and cardiac conditions. These effects can result in increased medication use, increased doctor or
emergency room visits, more hospital admissions and premature death. The human health effects
of poor air quality are far reaching, but principally affect the body's respiratory system and the
cardiovascular system. Individual reactions to air pollutants depend on the type of pollutant a
person is exposed to, the degree of exposure, the individual's health status and genetics.

A new economic study of the health impacts and associated costs of air pollution in the Los
Angeles Basin and San Joaquin Valley of Southern California shows that more than 3800 people
die prematurely (approximately 14 years earlier than normal) each year because air pollution
levels violate federal standards. The number of annual premature deaths is considerably higher
than the fatalities related to auto collisions in the same area, which average fewer than 2,000 per
year.

Diesel exhaust (DE) is a major contributor to combustion derived particulate matter air pollution.

In several human experimental studies, using a well validated exposure chamber setup, DE has
been linked to acute vascular dysfunction and increased thrombus formation. This serves as a
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plausible mechanistic link between the previously described association between particulate
matter air pollution and increased cardiovascular morbidity and mortality.

Effects on cystic fibrosis

A study from 1999 to 2000 by the University of Washington showed that patients near and
around particulate matter air pollution had an increased risk of pulmonary exacerbations and
decrease in lung function. Patients were examined before the study for amounts of specific
pollutants like Pseudomonas aeruginosa or Burkholderia cenocepacia as well as their
socioeconomic standing. Participants involved in the study were located in the United States in
close proximity to an Environmental Protection Agency. During the time of the study 117 deaths
were associated with air pollution. Many patients in the study lived in or near large metropolitan
areas in order to be close to medical help. These same patients had higher level of pollutants
found in their system because of more emissions in larger cities. As cystic fibrosis patients
already suffer from decreased lung function, everyday pollutants such as smoke, emissions from
automobiles, tobacco smoke and improper use of indoor heating devices could further
compromise lung function.

Effects on COPD

Chronic obstructive pulmonary disease (COPD) include diseases such as chronic bronchitis,
emphysema, and some forms of asthma.

A study conducted in 1960-1961 in the wake of the Great Smog of 1952 compared 293 London
residents with 477 residents of Gloucester, Peterborough, and Norwich, three towns with low
reported death rates from chronic bronchitis. All subjects were male postal truck drivers aged 40
to 59. Compared to the subjects from the outlying towns, the London subjects exhibited more
severe respiratory symptoms (including cough, phlegm, and dyspnea), reduced lung function
(FEV| and peak flow rate), and increased sputum production and purulence. The differences
were more pronounced for subjects aged 50 to 59. The study controlled for age and smoking
habits, so concluded that air pollution was the most likely cause of the observed differences.

It is believed that much like cystic fibrosis, by living in a more urban environment serious health
hazards become more apparent. Studies have shown that in urban areas patients suffer mucus
hypersecretion, lower levels of lung function, and more self diagnosis of chronic bronchitis and
emphysema.

Effects on children

Cities around the world with high exposure to air pollutants have the possibility of children
living within them to develop asthma, pneumonia and other lower respiratory infections as well
as a low initial birth rate. Protective measures to ensure the youths' health are being taken in
cities such as New Delhi, India where buses now use compressed natural gas to help eliminate
the “pea-soup” smog. Research by the World Health Organization shows there is the greatest
concentration of particulate matter particles in countries with low economic world power and
high poverty and population rates. Examples of these countries include Egypt, Sudan, Mongolia,
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and Indonesia. The Clean Air Act was passed in 1970, however in 2002 at least 146 million
Americans were living in areas that did not meet at least one of the “criteria pollutants” laid out
in the 1997 National Ambient Air Quality Standards. Those pollutants included: ozone,
particulate matter, sulfur dioxide, nitrogen dioxide, carbon monoxide, and lead. Because children
are outdoors more and have higher minute ventilation they are more susceptible to the dangers of
air pollution.

Health effects in relatively "clean" areas

Even in areas with relatively low levels of air pollution, public health effects can be substantial
and costly. This is because effects can occur at very low levels and a large number of people can
potentially breathe in such pollutants. A 2005 scientific study for the British Columbia Lung
Association showed that a 1% improvement in ambient PM2.5 and ozone concentrations will
produce a $29 million in annual savings in the region in 2010. This finding is based on health
valuation of lethal (mortality) and sub-lethal (morbidity) effects.

Reduction efforts

There are various air pollution control technologies and land use planning strategies available to
reduce air pollution. At its most basic level land use planning is likely to involve zoning and
transport infrastructure planning. In most developed countries, land use planning is an important
part of social policy, ensuring that land is used efficiently for the benefit of the wider economy
and population as well as to protect the environment.

Efforts to reduce pollution from mobile sources includes primary regulation (many developing
countries have permissive regulations), expanding regulation to new sources (such as cruise and
transport ships, farm equipment, and small gas-powered equipment such as lawn trimmers,
chainsaws, and snowmobiles), increased fuel efficiency (such as through the use of hybrid
vehicles), conversion to cleaner fuels (such as bioethanol, biodiesel, or conversion to electric
vehicles).

Control devices

The following items are commonly used as pollution control devices by industry or
transportation devices. They can either destroy contaminants or remove them from an exhaust
stream before it is emitted into the atmosphere.

e Particulate control

o Mechanical collectors (dust cyclones, multicyclones)

o Electrostatic precipitators An electrostatic precipitator (ESP), or electrostatic air cleaner
is a particulate collection device that removes particles from a flowing gas (such as air)
using the force of an induced electrostatic charge. Electrostatic precipitators are highly
efficient filtration devices that minimally impede the flow of gases through the device,
and can easily remove fine particulate matter such as dust and smoke from the air
stream.
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o

Baghouses Designed to handle heavy dust loads, a dust collector consists of a blower,
dust filter, a filter-cleaning system, and a dust receptacle or dust removal system
(distinguished from air cleaners which utilize disposable filters to remove the dust).

Particulate scrubbersWet scrubber is a form of pollution control technology. The term
describes a variety of devices that use pollutants from a furnace flue gas or from other
gas streams. In a wet scrubber, the polluted gas stream is brought into contact with the
scrubbing liquid, by spraying it with the liquid, by forcing it through a pool of liquid, or
by some other contact method, so as to remove the pollutants.

e Scrubbers

o

O O O O O

Baffle spray scrubber
Cyclonic spray scrubber
Ejector venturi scrubber
Mechanically aided scrubber
Spray tower

Wet scrubber

e NOXx control

O O O O O O

Low NOx burners

Selective catalytic reduction (SCR)
Selective non-catalytic reduction (SNCR)
NOx scrubbers

Exhaust gas recirculation

Catalytic converter (also for VOC control)

e VOC abatement

O O O O 0O O O O

Adsorption systems, such as activated carbon
Flares

Thermal oxidizers

Catalytic oxidizers

Biofilters

Absorption (scrubbing)

Cryogenic condensers

Vapor recovery systems

e Acid Gas/SO, control

@)
@)
@)

Wet scrubbers
Dry scrubbers
Flue gas desulfurization

e Mercury control

@)
@)
@)

Sorbent Injection Technology
Electro-Catalytic Oxidation (ECO)
K-Fuel
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e Dioxin and furan control
e Miscellaneous associated equipment

o Source capturing systems
o Continuous emissions monitoring systems (CEMS)

Legal regulations

Smog in Cairo

In general, there are two types of air quality standards. The first class of standards (such as the
U.S. National Ambient Air Quality Standards) set maximum atmospheric concentrations for
specific pollutants. Environmental agencies enact regulations which are intended to result in
attainment of these target levels. The second class (such as the North American Air Quality
Index) take the form of a scale with various thresholds, which is used to communicate to the
public the relative risk of outdoor activity. The scale may or may not distinguish between
different pollutants.
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Cities
Air pollution is usually concentrated in densely populated metropolitan areas, especially in

developing countries where environmental regulations are relatively lax or nonexistent.
However, even populated areas in developed countries attain unhealthy levels of pollution.

Carbon dioxide emissions

Most Polluted World Cities by PM

Particulate
matter, City
ug/m? (2004)

169 Cairo, Egypt
150 Delhi, India
128 Kolkata, India (Calcutta)
125 Tianjin, China
123 Chongging, China
109 Kanpur, India
109 Lucknow, India
104 Jakarta, Indonesia
101 Shenyang, China
Total CO, emissions
Countries with the highest CO, emissions

Carbon dioxide emissions per

Countr Percentage of global total
v year (10° Tons) (2006) geore
B china 6,103 21.5%
B= United States 5,752 20.2%
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B Russia 1,564

s [Ndia 1,510
® japan 1293

- Germany 805

El= United Kingdom 568
I+0 Canada 544
®, South Korea 475

il Italy 474

Per capita CO, emissions

5.5%

5.3%

4.6%

2.8%

2.0%

1.9%

1.7%

1.7%

Countries with the highest per capita CO, emissions

Country

I Qatar

Carbon dioxide emissions per year

56.2

I— United Arab Emirates 32.8

B Kuwait

M Bahrain
B Trinidad and Tobago
= Luxembourg
=f= Netherlands Antilles
B Aruba

B= United States

31.2

28.8

25.3

24.5

22.8

22.3

19

(Tons per person) (2006)
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£l Australia 18.1

Atmospheric dispersion

The basic technology for analyzing air pollution is through the use of a variety of mathematical
models for predicting the transport of air pollutants in the lower atmosphere. The principal
methodologies are:

e Point source dispersion, used for industrial sources.

e Line source dispersion, used for airport and roadway air dispersion modeling
e Area source dispersion, used for forest fires or duststorms

e Photochemical models, used to analyze reactive pollutants that form smog

z Plume
1 centetline

Pollutznt
concentration —
profiles

Hz = Actual stack heighit
H. = Effective stack height
paliutant release height

Hz + dih
plume rize

[=
-

Visualization of a buoyant Gaussian air pollution dispersion plume as used in many atmospheric
dispersion models

The point source problem is the best understood, since it involves simpler mathematics and has
been studied for a long period of time, dating back to about the year 1900. It uses a Gaussian
dispersion model for buoyant pollution plumes to forecast the air pollution isopleths, with
consideration given to wind velocity, stack height, emission rate and stability class (a measure of
atmospheric turbulence). This model has been extensively validated and calibrated with
experimental data for all sorts of atmospheric conditions.

The roadway air dispersion model was developed starting in the late 1950s and early 1960s in
response to requirements of the National Environmental Policy Act and the U.S. Department of
Transportation (then known as the Federal Highway Administration) to understand impacts of
proposed new highways upon air quality, especially in urban areas. Several research groups were
active in this model development, among which were: the Environmental Research and
Technology (ERT) group in Lexington, Massachusetts, the ESL Inc. group in Sunnyvale,
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California and the California Air Resources Board group in Sacramento, California. The research
of the ESL group received a boost with a contract award from the United States Environmental
Protection Agency to validate a line source model using sulfur hexafluoride as a tracer gas. This
program was successful in validating the line source model developed by ESL inc. Some of the
earliest uses of the model were in court cases involving highway air pollution, the Arlington,
Virginia portion of Interstate 66 and the New Jersey Turnpike widening project through East
Brunswick, New Jersey.

Area source models were developed in 1971 through 1974 by the ERT and ESL groups, but
addressed a smaller fraction of total air pollution emissions, so that their use and need was not as
widespread as the line source model, which enjoyed hundreds of different applications as early
as the 1970s. Similarly photochemical models were developed primarily in the 1960s and 1970s,
but their use was more specialized and for regional needs, such as understanding smog formation
in Los Angeles, California.

Environmental impacts of greenhouse gas pollutants

The greenhouse effect is a phenomenon whereby greenhouse gases create a condition in the
upper atmosphere causing a trapping of heat and leading to increased surface and lower
tropospheric temperatures. Carbon dioxide from combustion of fossil fuels is the major problem.
Other greenhouse gases include methane, hydrofluorocarbons, perfluorocarbons,
chlorofluorocarbons, nitrogen oxides, and ozone.

This effect has been understood by scientists for about a century, and technological
advancements during this period have helped increase the breadth and depth of data relating to
the phenomenon. Currently, scientists are studying the role of changes in composition of
greenhouse gases from natural and anthropogenic sources for the effect on climate change.

A number of studies have also investigated the potential for long-term rising levels of

atmospheric carbon dioxide to cause increases in the acidity of ocean waters and the possible
effects of this on marine ecosystems.
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Chapter 3

Soil Contamination

Excavation showing soil contamination at a disused gasworks.

Soil contamination (soil pollution) is caused by the presence of xenobiotic (human-made)
chemicals or other alteration in the natural soil environment. This type of contamination typically
arises from the rupture of underground storage tanks, application of pesticides, percolation of
contaminated surface water to subsurface strata, oil and fuel dumping, leaching of wastes from
landfills or direct discharge of industrial wastes to the soil. The most common chemicals
involved are petroleum hydrocarbons, solvents, pesticides, lead and other heavy metals. This
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occurrence of this phenomenon is correlated with the degree of industrialization and intensities
of chemical usage.

The concern over soil contamination stems primarily from health risks, from direct contact with
the contaminated soil, vapors from the contaminants, and from secondary contamination of water
supplies within and underlying the soil. Mapping of contaminated soil sites and the resulting
cleanup are time consuming and expensive tasks, requiring extensive amounts of geology,
hydrology, chemistry and computer modeling skills.

It is in North America and Western Europe that the extent of contaminated land is most well
known, with many of countries in these areas having a legal framework to identify and deal with
this environmental problem; this however may well be just the tip of the iceberg with developing
countries very likely to be the next generation of new soil contamination cases.

The immense and sustained growth of the People's Republic of China since the 1970s has
exacted a price from the land in increased soil pollution. The State Environmental Protection
Administration believes it to be a threat to the environment, to food safety and to sustainable
agriculture. According to a scientific sampling,150 million mi (100,000 square kilometers) of
China’s cultivated land have been polluted, with contaminated water being used to irrigate a
further 32.5 million mi (21,670 square kilometers) and another 2 million mi (1,300 square
kilometers) covered or destroyed by solid waste. In total, the area accounts for one-tenth of
China’s cultivatable land, and is mostly in economically developed areas. An estimated 12
million tonnes of grain are contaminated by heavy metals every year, causing direct losses of 20
billion yuan (US$2.57 billion).

Causes

This type of contamination typically arises from the rupture of underground storage tanks,
application of pesticides, percolation of contaminated surface water to subsurface strata, oil and
fuel dumping, leaching of wastes from landfills or direct discharge of industrial wastes to the
soil. The most common chemicals involved are petroleum hydrocarbons, solvents, pesticides,
lead and other heavy metals. This occurrence of this phenomenon is correlated with the degree of
industrialization and intensities of chemical usage.

Treated sewage sludge, known in the industry as biosolids, has become controversial as a
fertilizer to the land. As it is the byproduct of sewage treatment, it generally contains
contaminants such as organisms, pesticides, and heavy metals than other soil.

There is also controversy surrounding the contamination of fertilizers with heavy metals; a series

of newspaper articles in the Seattle Times made the issue a "national focus" in the United States,
and culminated in a book called Fateful Harvest.
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Health effects

Contaminated or polluted soil directly affects human health through direct contact with soil or
via inhalation of soil contaminants which have vaporized; potentially greater threats are posed by
the infiltration of soil contamination into groundwater aquifers used for human consumption,
sometimes in areas apparently far removed from any apparent source of above ground
contamination.

Health consequences from exposure to soil contamination vary greatly depending on pollutant
type, pathway of attack and vulnerability of the exposed population. Chronic exposure to
chromium, lead and other metals, petroleum, solvents, and many pesticide and herbicide
formulations can be carcinogenic, can cause congenital disorders, or can cause other chronic
health conditions. Industrial or man-made concentrations of naturally-occurring substances, such
as nitrate and ammonia associated with livestock manure from agricultural operations, have also
been identified as health hazards in soil and groundwater.

Chronic exposure to benzene at sufficient concentrations is known to be associated with higher
incidence of leukemia. Mercury and cyclodienes are known to induce higher incidences of
kidney damage, some irreversible. PCBs and cyclodienes are linked to liver toxicity.
Organophosphates and carbamates can induce a chain of responses leading to neuromuscular
blockage. Many chlorinated solvents induce liver changes, kidney changes and depression of the
central nervous system. There is an entire spectrum of further health effects such as headache,
nausea, fatigue, eye irritation and skin rash for the above cited and other chemicals. At sufficient
dosages a large number of soil contaminants can cause death by exposure via direct contact,
inhalation or ingestion of contaminants in groundwater contaminated through soil.

Ecosystem effects

Not unexpectedly, soil contaminants can have significant deleterious consequences for
ecosystems. There are radical soil chemistry changes which can arise from the presence of many
hazardous chemicals even at low concentration of the contaminant species. These changes can
manifest in the alteration of metabolism of endemic microorganisms and arthropods resident in a
given soil environment. The result can be virtual eradication of some of the primary food chain,
which in turn have major consequences for predator or consumer species. Even if the chemical
effect on lower life forms is small, the lower pyramid levels of the food chain may ingest alien
chemicals, which normally become more concentrated for each consuming rung of the food
chain. Many of these effects are now well known, such as the concentration of persistent DDT
materials for avian consumers, leading to weakening of egg shells, increased chick mortality and
potential extinction of species.

Effects occur to agricultural lands which have certain types of soil contamination. Contaminants
typically alter plant metabolism, most commonly to reduce crop yields. This has a secondary
effect upon soil conservation, since the languishing crops cannot shield the Earth's soil mantle
from erosion phenomena. Some of these chemical contaminants have long half-lives and in other
cases derivative chemicals are formed from decay of primary soil contaminants.
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Cleanup options

Microbes can be used in soil cleanup

Cleanup or remediation is analyzed by environmental scientists who utilize field measurement of
soil chemicals and also apply computer models for analyzing transport and fate of soil chemicals.
There are several principal strategies for remediation:

e Excavate soil and take it to a disposal site away from ready pathways for human or sensitive
ecosystem contact. This technique also applies to dredging of bay muds containing toxins.

e Aeration of soils at the contaminated site (with attendant risk of creating air pollution)

e Thermal remediation by introduction of heat to raise subsurface temperatures sufficiently high
to volatize chemical contaminants out of the soil for vapour extraction. Technologies include
ISTD, electrical resistance heating (ERH), and ET-DSP™.

e Bioremediation, involving microbial digestion of certain organic chemicals. Techniques used in
bioremediation include landfarming, biostimulation and bioaugmentating soil biota with
commercially available microflora.

e Extraction of groundwater or soil vapor with an active electromechanical system, with
subsequent stripping of the contaminants from the extract.

e Containment of the soil contaminants (such as by capping or paving over in place).

e Phytoremediation, or using plants (such as willow) to extract heavy metals
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Chapter 4

Water Pollution

Raw sewage and industrial waste flows across international borders New River passes from Mexicali to

Calexico, California.

Water pollution is the contamination of water bodies (e.g. lakes, rivers, oceans and
groundwater).
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Water pollution affects plants and organisms living in these bodies of water; and, in almost all
cases the effect is damaging not only to individual species and populations, but also to the
natural biological communities.

Water pollution occurs when pollutants are discharged directly or indirectly into water bodies
without adequate treatment to remove harmful compounds.

Introduction

Millions depend on the polluted Ganges river

Water pollution is a major problem in the global context. It has been suggested that it is the
leading worldwide cause of deaths and diseases, and that it accounts for the deaths of more than
14,000 people daily. An estimated 700 million Indians have no access to a proper toilet, and
1,000 Indian children die of diarrheal sickness every day. Some 90% of China's cities suffer from
some degree of water pollution, and nearly 500 million people lack access to safe drinking water.
In addition to the acute problems of water pollution in developing countries, industrialized
countries continue to struggle with pollution problems as well. In the most recent national report
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on water quality in the United States, 45 percent of assessed stream miles, 47 percent of assessed
lake acres, and 32 percent of assessed bay and estuarine square miles were classified as polluted.

Water is typically referred to as polluted when it is impaired by anthropogenic contaminants and
either does not support a human use, like serving as drinking water, and/or undergoes a marked
shift in its ability to support its constituent biotic communities, such as fish. Natural phenomena
such as volcanoes, algae blooms, storms, and earthquakes also cause major changes in water
quality and the ecological status of water.

Water pollution categories
Surface water and groundwater have often been studied and managed as separate resources,
although they are interrelated. Sources of surface water pollution are generally grouped into two

categories based on their origin.

Point source pollution

Point source pollution - Shipyard - Rio de Janeiro.

Point source pollution refers to contaminants that enter a waterway through a discrete
conveyance, such as a pipe or ditch. Examples of sources in this category include discharges
from a sewage treatment plant, a factory, or a city storm drain. The U.S. Clean Water Act
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(CWA) defines point source for regulatory enforcement purposes. The CWA definition of point
source was amended in 1987 to include municipal storm sewer systems, as well as industrial
stormwater, such as from construction sites.

Non—point source pollution

Non—point source (NPS) pollution refers to diffuse contamination that does not originate from a
single discrete source. NPS pollution is often the cumulative effect of small amounts of
contaminants gathered from a large area. The leaching out of nitrogen compounds from
agricultural land which has been fertilized is a typical example. Nutrient runoff in stormwater
from "sheet flow" over an agricultural field or a forest are also cited as examples of NPS
pollution.

Contaminated storm water washed off of parking lots, roads and highways, called urban runoff,
is sometimes included under the category of NPS pollution. However, this runoff is typically
channeled into storm drain systems and discharged through pipes to local surface waters, and is a
point source. However where such water is not channeled and drains directly to ground it is a
non-point source.

Groundwater pollution

Interactions between groundwater and surface water are complex. Consequently, groundwater
pollution, sometimes referred to as groundwater contamination, is not as easily classified as
surface water pollution. By its very nature, groundwater aquifers are susceptible to
contamination from sources that may not directly affect surface water bodies, and the distinction
of point vs. non-point source may be irrelevant. A spill or ongoing releases of chemical or
radionuclide contaminants into soil (located away from a surface water body) may not create
point source or non-point source pollution, but can contaminate the aquifer below, defined as a
toxin plume. The movement of the plume, a plume front, can be part of a Hydrological transport
model or Groundwater model. Analysis of groundwater contamination may focus on the soil
characteristics and site geology, hydrogeology, hydrology, and the nature of the contaminants.

Causes of water pollution

The specific contaminants leading to pollution in water include a wide spectrum of chemicals,
pathogens, and physical or sensory changes such as elevated temperature and discoloration.
While many of the chemicals and substances that are regulated may be naturally occurring
(calcium, sodium, iron, manganese, etc.) the concentration is often the key in determining what
is a natural component of water, and what is a contaminant.

Oxygen-depleting substances may be natural materials, such as plant matter (e.g. leaves and
grass) as well as man-made chemicals. Other natural and anthropogenic substances may cause
turbidity (cloudiness) which blocks light and disrupts plant growth, and clogs the gills of some
fish species.
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Many of the chemical substances are toxic. Pathogens can produce waterborne diseases in either
human or animal hosts. Alteration of water's physical chemistry includes acidity (change in pH),
electrical conductivity, temperature, and eutrophication. Eutrophication is an increase in the
concentration of chemical nutrients in an ecosystem to an extent that increases in the primary
productivity of the ecosystem. Depending on the degree of eutrophication, subsequent negative
environmental effects such as anoxia (oxygen depletion) and severe reductions in water quality
may occur, affecting fish and other animal populations.

Pathogens

A manhole cover unable to contain a sanitary sewer overflow.

Coliform bacteria are a commonly used bacterial indicator of water pollution, although not an
actual cause of disease. Other microorganisms sometimes found in surface waters which have
caused human health problems include:

e Burkholderia pseudomallei

e  Cryptosporidium parvum

e Giardia lamblia

e Salmonella

e Novovirus and other viruses
e Parasitic worms (helminths).

High levels of pathogens may result from inadequately treated sewage discharges. This can be
caused by a sewage plant designed with less than secondary treatment (more typical in less-
developed countries). In developed countries, older cities with aging infrastructure may have
leaky sewage collection systems (pipes, pumps, valves), which can cause sanitary sewer
overflows. Some cities also have combined sewers, which may discharge untreated sewage
during rain storms.

Pathogen discharges may also be caused by poorly managed livestock operations.

WORLD TECHNOLOGIES




Chemical and other contaminants

Muddy river polluted by sediment

Contaminants may include organic and inorganic substances.
Organic water pollutants include:

o Detergents

e Disinfection by-products found in chemically disinfected drinking water, such as chloroform

e Food processing waste, which can include oxygen-demanding substances, fats and grease

e Insecticides and herbicides, a huge range of organohalides and other chemical compounds

e Petroleum hydrocarbons, including fuels (gasoline, diesel fuel, jet fuels, and fuel oil) and
lubricants (motor oil), and fuel combustion byproducts, from stormwater runoff

e Tree and bush debris from logging operations

e Volatile organic compounds (VOCs), such as industrial solvents, from improper storage.
Chlorinated solvents, which are dense non-aqueous phase liquids (DNAPLs), may fall to the
bottom of reservoirs, since they don't mix well with water and are denser.

e Various chemical compounds found in personal hygiene and cosmetic products

Inorganic water pollutants include:

e Acidity caused by industrial discharges (especially sulfur dioxide from power plants)
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e Ammonia from food processing waste

e Chemical waste as industrial by-products

e Fertilizers containing nutrients--nitrates and phosphates--which are found in stormwater runoff
from agriculture, as well as commercial and residential use

e Heavy metals from motor vehicles (via urban stormwater runoff) and acid mine drainage

e Silt (sediment) in runoff from construction sites, logging, slash and burn practices or land
clearing sites

Macroscopic pollution—Ilarge visible items polluting the water—may be termed "floatables" in
an urban stormwater context, or marine debris when found on the open seas, and can include
such items as:

e Trash (e.g. paper, plastic, or food waste) discarded by people on the ground, and that are
washed by rainfall into storm drains and eventually discharged into surface waters

e Nurdles, small ubiquitous waterborne plastic pellets

e Shipwrecks, large derelict ships

Potrero Generating Station discharges heated water into San Francisco Bay.
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Thermal pollution

Thermal pollution is the rise or fall in the temperature of a natural body of water caused by
human influence. A common cause of thermal pollution is the use of water as a coolant by power
plants and industrial manufacturers. Elevated water temperatures decreases oxygen levels (which
can kill fish) and affects ecosystem composition, such as invasion by new thermophilic species.
Urban runoff may also elevate temperature in surface waters.

Thermal pollution can also be caused by the release of very cold water from the base of
reservoirs into warmer rivers.

Transport and chemical reactions of water pollutants

Most water pollutants are eventually carried by rivers into the oceans. In some areas of the world
the influence can be traced hundred miles from the mouth by studies using hydrology transport
models. Advanced computer models such as SWMM or the DSSAM Model have been used in
many locations worldwide to examine the fate of pollutants in aquatic systems. Indicator filter
feeding species such as copepods have also been used to study pollutant fates in the New York
Bight, for example. The highest toxin loads are not directly at the mouth of the Hudson River,
but 100 kilometers south, since several days are required for incorporation into planktonic tissue.
The Hudson discharge flows south along the coast due to coriolis force. Further south then are
areas of oxygen depletion, caused by chemicals using up oxygen and by algae blooms, caused by
excess nutrients from algal cell death and decomposition. Fish and shellfish kills have been
reported, because toxins climb the food chain after small fish consume copepods, then large fish
eat smaller fish, etc. Each successive step up the food chain causes a stepwise concentration of
pollutants such as heavy metals (e.g. mercury) and persistent organic pollutants such as DDT.
This is known as biomagnification, which is occasionally used interchangeably with
bioaccumulation.
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A polluted river draining an abandoned copper mine on Anglesey

Large gyres (vortexes) in the oceans trap floating plastic debris. The North Pacific Gyre for
example has collected the so-called "Great Pacific Garbage Patch" that is now estimated at 100
times the size of Texas. Many of these long-lasting pieces wind up in the stomachs of marine
birds and animals. This results in obstruction of digestive pathways which leads to reduced
appetite or even starvation.

Many chemicals undergo reactive decay or chemically change especially over long periods of
time in groundwater reservoirs. A noteworthy class of such chemicals is the chlorinated
hydrocarbons such as trichloroethylene (used in industrial metal degreasing and electronics
manufacturing) and tetrachloroethylene used in the dry cleaning industry (note latest advances in
liquid carbon dioxide in dry cleaning that avoids all use of chemicals). Both of these chemicals,
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which are carcinogens themselves, undergo partial decomposition reactions, leading to new
hazardous chemicals (including dichloroethylene and vinyl chloride).

Groundwater pollution is much more difficult to abate than surface pollution because
groundwater can move great distances through unseen aquifers. Non-porous aquifers such as
clays partially purify water of bacteria by simple filtration (adsorption and absorption), dilution,
and, in some cases, chemical reactions and biological activity: however, in some cases, the
pollutants merely transform to soil contaminants. Groundwater that moves through cracks and
caverns is not filtered and can be transported as easily as surface water. In fact, this can be
aggravated by the human tendency to use natural sinkholes as dumps in areas of Karst

topography.
There are a variety of secondary effects stemming not from the original pollutant, but a

derivative condition. An example is silt-bearing surface runoff, which can inhibit the penetration
of sunlight through the water column, hampering photosynthesis in aquatic plants.

Measurement of water pollution

Environmental Scientists preparing water autosamplers.

Water pollution may be analyzed through several broad categories of methods: physical,
chemical and biological. Most involve collection of samples, followed by specialized analytical
tests. Some methods may be conducted in situ, without sampling, such as temperature.

WORLD TECHNOLOGIES




Government agencies and research organizations have published standardized, validated
analytical test methods to facilitate the comparability of results from disparate testing events.

Sampling

Sampling of water for physical or chemical testing can be done by several methods, depending
on the accuracy needed and the characteristics of the contaminant. Many contamination events
are sharply restricted in time, most commonly in association with rain events. For this reason
"grab" samples are often inadequate for fully quantifying contaminant levels. Scientists gathering
this type of data often employ auto-sampler devices that pump increments of water at either time
or discharge intervals.

Sampling for biological testing involves collection of plants and/or animals from the surface
water body. Depending on the type of assessment, the organisms may be identified for
biosurveys (population counts) and returned to the water body, or they may be dissected for
bioassays to determine toxicity.

Physical testing

Common physical tests of water include temperature, solids concentration like total suspended
solids (TSS) and turbidity.

Chemical testing

Water samples may be examined using the principles of analytical chemistry. Many published
test methods are available for both organic and inorganic compounds. Frequently used methods
include pH, biochemical oxygen demand (BOD), chemical oxygen demand (COD), nutrients

(nitrate and phosphorus compounds), metals (including copper, zinc, cadmium, lead and
mercury), oil and grease, total petroleum hydrocarbons (TPH), and pesticides.

Biological testing

Biological testing involves the use of plant, animal, and/or microbial indicators to monitor the
health of an aquatic ecosystem.
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Control of water pollution

Domestic sewage

Deer Island Waste Water Treatment Plant serving Boston, Massachusetts and vicinity.

Domestic sewage is 99.9% pure water, the other 0.1% are pollutants. While found in low
concentrations, these pollutants pose risk on a large scale. In urban areas, domestic sewage is
typically treated by centralized sewage treatment plants. In the U.S., most of these plants are
operated by local government agencies, frequently referred to as publicly owned treatment works
(POTW). Municipal treatment plants are designed to control conventional pollutants: BOD and
suspended solids. Well-designed and operated systems (i.e., secondary treatment or better) can
remove 90 percent or more of these pollutants. Some plants have additional sub-systems to treat
nutrients and pathogens. Most municipal plants are not designed to treat toxic pollutants found in
industrial wastewater.

Cities with sanitary sewer overflows or combined sewer overflows employ one or more
engineering approaches to reduce discharges of untreated sewage, including:

e utilizing a green infrastructure approach to improve stormwater management capacity

throughout the system, and reduce the hydraulic overloading of the treatment plant
e repair and replacement of leaking and malfunctioning equipment
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e increasing overall hydraulic capacity of the sewage collection system (often a very expensive
option).

A household or business not served by a municipal treatment plant may have an individual septic
tank, which treats the wastewater on site and discharges into the soil. Alternatively, domestic
wastewater may be sent to a nearby privately owned treatment system (e.g. in a rural
community).

Industrial wastewater

Dissolved air flotation system for treating industrial wastewater

Some industrial facilities generate ordinary domestic sewage that can be treated by municipal
facilities. Industries that generate wastewater with high concentrations of conventional pollutants
(e.g. oil and grease), toxic pollutants (e.g. heavy metals, volatile organic compounds) or other
nonconventional pollutants such as ammonia, need specialized treatment systems. Some of these
facilities can install a pre-treatment system to remove the toxic components, and then send the
partially treated wastewater to the municipal system. Industries generating large volumes of
wastewater typically operate their own complete on-site treatment systems.

Some industries have been successful at redesigning their manufacturing processes to reduce or
eliminate pollutants, through a process called pollution prevention.

Heated water generated by power plants or manufacturing plants may be controlled with:

e cooling ponds, man-made bodies of water designed for cooling by evaporation, convection, and

radiation

e cooling towers, which transfer waste heat to the atmosphere through evaporation and/or heat
transfer

e cogeneration, a process where waste heat is recycled for domestic and/or industrial heating
purposes.
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Agricultural wastewater

Riparian buffer lining a creek in lowa

Nonpoint source controls

Sediment (loose soil) washed off fields is the largest source of agricultural pollution in the
United States. Farmers may utilize erosion controls to reduce runoff flows and retain soil on their
fields. Common techniques include contour plowing, crop mulching, crop rotation, planting
perennial crops and installing riparian buffers.

Nutrients (nitrogen and phosphorus) are typically applied to farmland as commercial fertilizer;

animal manure; or spraying of municipal or industrial wastewater (effluent) or sludge. Nutrients
may also enter runoff from crop residues, irrigation water, wildlife, and atmospheric
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deposition.™ > Farmers can develop and implement nutrient management plans to reduce excess
application of nutrients.’

To minimize pesticide impacts, farmers may use Integrated Pest Management (IPM) techniques
(which can include biological pest control) to maintain control over pests, reduce reliance on
chemical pesticides, and protect water quality.

Confined Animal Feeding Operation in the United States

Point source wastewater treatment

Farms with large livestock and poultry operations, such as factory farms, are called concentrated
animal feeding operations or confined animal feeding operations in the U.S. and are being
subject to increasing government regulation. Animal slurries are usually treated by containment
in lagoons before disposal by spray or trickle application to grassland. Constructed wetlands are
sometimes used to facilitate treatment of animal wastes, as are anaerobic lagoons. Some animal
slurries are treated by mixing with straw and composted at high temperature to produce a
bacteriologically sterile and friable manure for soil improvement.
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Construction site stormwater

Silt fence installed on a construction site.

Sediment from construction sites is managed by installation of:

e erosion controls, such as mulching and hydroseeding, and
e sediment controls, such as sediment basins and silt fences.

Discharge of toxic chemicals such as motor fuels and concrete washout is prevented by use of:
e spill prevention and control plans, and

e specially designed containers (e.g. for concrete washout) and structures such as overflow
controls and diversion berms.
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Urban runoff (stormwater)

Retention basin for controlling urban runoff

Effective control of urban runoff involves reducing the velocity and flow of stormwater, as well
as reducing pollutant discharges. Local governments use a variety of stormwater management
techniques to reduce the effects of urban runoff. These techniques, called best management
practices (BMPs) in the U.S., may focus on water quantity control, while others focus on
improving water quality, and some perform both functions.

Pollution prevention practices include low impact development techniques, installation of green
roofs and improved chemical handling (e.g. management of motor fuels & oil, fertilizers and
pesticides). Runoff mitigation systems include infiltration basins, bioretention systems,
constructed wetlands, retention basins and similar devices.

Thermal pollution from runoff can be controlled by stormwater management facilities that
absorb the runoff or direct it into groundwater, such as bioretention systems and infiltration
basins. Retention basins tend to be less effective at reducing temperature, as the water may be
heated by the sun before being discharged to a receiving stream.
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Chapter 5

Regulation and Monitoring of Pollution

To protect the environment from the adverse effects of pollution, many nations worldwide have
enacted legislation to regulate various types of pollution as well as to mitigate the adverse
effects of pollution.

Regulation and monitoring by region

International

Since pollution crosses political boundaries international treaties have been made through the
United Nations and its agencies to address international pollution issues.

The Kyoto Protocol is an amendment to the United Nations Framework Convention on Climate
Change (UNFCCC), an international treaty on global warming. It also reaffirms sections of the
UNFCCC. Countries which ratify this protocol commit to reduce their emissions of carbon
dioxide and five other greenhouse gases, or engage in emissions trading if they maintain or
increase emissions of these gases. A total of 141 countries have ratified the agreement. Notable
exceptions include the United States and Australia, who have signed but not ratified the
agreement. The stated reason for the United States not ratifying is the exemption of large
emitters of greenhouse gases who are also developing countries, like China and India.

An UN environmental conference held in Bali 3—14 December 2007 with the participation from
180 countries aims to replace the Kyoto Protocol, which will end in 2012. During the first day of
the conference USA, Saudi Arabia and Canada were presented with the "Fossil-of-the-day-
award", a symbolic bag of coal for their negative impact on the global climate. The bags
included the flags of the respective countries.

Toxic wastes

Canada

In Canada the regulation of pollution and its effects are monitored by a number of organizations
depending on the nature of the pollution and its location. The three levels of government (Federal
- Canada Wide; Provincial; and Municipal) equally share in the responsibilities, and in the
monitoring and correction of pollution.
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China

China's rapid industrialization has substantially increased pollution. China has some relevant
regulations: the 1979 Environmental Protection Law, which was largely modelled on U.S.
legislation. But the environment continues to deteriorate. Twelve years after the law, only one
Chinese city was making an effort to clean up its water discharges. This indicates that China is
about 30 years behind the U.S. schedule of environmental regulation and 10 to 20 years behind
Europe. In July 2007, it was reported that the World Bank reluctantly censored a report revealing
that 750,000 people in China die every year as a result of pollution-related diseases. China's State
Environment Protection Agency and the Health Ministry asked the World Bank to cut the
calculations of premature deaths from the report fearing the revelation would provoke "social
unrest".

Europe

The basic European rules are included in the Directive 96/61/EC of 24 September 1996
concerning integrated pollution prevention and control (IPCC) and the National Emission
Ceilings Directive.

United Kingdom

In the 1840s, the United Kingdom brought onto the statute books legislation to control water
pollution. It was extended to all rivers and coastal water by 1961. However, currently the clean
up of historic contamination is controlled under a specific statutory scheme found in Part IIA of
the Environmental Protection Act 1990 (Part ITA), as inserted by the Environment Act 1995, and
other ‘rules’ found in regulations and statutory guidance. The Act came into force in England in
April 2000.

Within the current regulatory framework, Pollution Prevention and Control (PPC) is a regime for
controlling pollution from certain industrial activities. The regime introduces the concept of Best
Available Techniques ("BAT") to environmental regulations. Operators must use the BAT to
control pollution from their industrial activities to prevent, and where that is not practicable, to
reduce to acceptable levels, pollution to air, land and water from industrial activities. The Best
Available Techniques also aim to balance the cost to the operator against benefits to the
environment. The system of Pollution Prevention and Control is replacing that of Integrated
Pollution Control (IPC) (which was established by the Environmental Protection Act 1990) and
is taking effect between 2000 and 2007. The Pollution Prevention and Control regime
implements the European Directive (EC/96/61) on integrated pollution prevention and control.
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United States

A polluted ditch along Interstate 25 between Colorado Springs and Pueblo, Colorado.

The United States Congress passed the Clean Air Act in 1963 to legislate the reduction of smog
and atmospheric pollution in general. That legislation has subsequently been amended and
extended in 1966, 1970, 1977 and 1990. Numerous state and local governments have enacted
similar legislation either implementing or filling in locally important gaps in the national
program. The national Clean Air Act and similar state legislative acts have led to the widespread
use of atmospheric dispersion modeling in order to analyze the air quality impacts of proposed
major actions. With the 1990 Clean Air Act, the United States Environmental Protection Agency
(EPA) began a controversial carbon trading system in which tradable rights to emit a specified
level of carbon are granted to polluters.

Enactment of the 1972 Clean Water Act required facilities to obtain permits for discharges to
navigable waters and establishment of national discharge standards for municipal sewage
treatment plants and many industrial categories. It required use of best management practices for
a wide range of other water discharges including nonpoint source pollution. Amendments in
1977 required stricter regulation of toxic pollutants. In 1987 Congress added permit coverage for
municipal and industrial stormwater discharges.
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Congress passed the Resource Conservation and Recovery Act (RCRA) in 1976, which created a
regulatory framework for both municipal solid waste and hazardous waste disposed on land.
RCRA requires that all hazardous wastes be managed and tracked from generation of the waste,
through transport and processing, to final disposal, by means of a nationwide permit system. The
Hazardous and Solid Waste Amendments of 1984 mandated regulation of underground storage
tanks containing petroleum and hazardous chemicals, and the phasing out of land disposal of
hazardous waste. The Federal Facilities Compliance Act, passed in 1992, clarified RCRA
coverage of federally-owned properties such as military bases. Illegal disposal of waste is
punishable by fines of up to $25,000 per occurrence.

Passage of the Noise Control Act in 1972 established mechanisms of setting emission standards
for virtually every source of noise including motor vehicles, aircraft, certain types of HVAC
equipment and major appliances. It also put local government on notice as to their
responsibilities in land use planning to address noise mitigation. This noise regulation framework
comprised a broad data base detailing the extent of noise health effects. Congress ended funding
of the federal noise control program in 1981, which curtailed development of further national
regulations.

The state of California's Office of Environmental Health Hazard Assessment (OEHHA) has
maintained an independent list of substances with product labeling requirements as part of
Proposition 65 since 1986.
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Chapter 6

Recycling (Pollution Control Practice)

Recycling involves processing used materials (waste) into new products to prevent waste of
potentially useful materials, reduce the consumption of fresh raw materials, reduce energy usage,
reduce air pollution (from incineration) and water pollution (from landfilling) by reducing the
need for "conventional" waste disposal, and lower greenhouse gas emissions as compared to
virgin production. Recycling is a key component of modern waste reduction and is the third
component of the "Reduce, Reuse, Recycle" waste hierarchy.

Recyclable materials include many kinds of glass, paper, metal, plastic, textiles, and electronics.
Although similar in effect, the composting or other reuse of biodegradable waste — such as food
or garden waste — is not typically considered recycling. Materials to be recycled are either
brought to a collection center or picked up from the curbside, then sorted, cleaned, and
reprocessed into new materials bound for manufacturing.

In a strict sense, recycling of a material would produce a fresh supply of the same material—for
example, used office paper would be converted into new office paper, or used foamed
polystyrene into new polystyrene. However, this is often difficult or too expensive (compared
with producing the same product from raw materials or other sources), so "recycling" of many
products or materials involves their reuse in producing different materials (e.g., paperboard)
instead. Another form of recycling is the salvage of certain materials from complex products,
either due to their intrinsic value (e.g., lead from car batteries, or gold from computer
components), or due to their hazardous nature (e.g., removal and reuse of mercury from various
items). Critics dispute the net economic and environmental benefits of recycling over its costs,
and suggest that proponents of recycling often make matters worse and suffer from confirmation
bias. Specifically, critics argue that the costs and energy used in collection and transportation
detract from (and outweigh) the costs and energy saved in the production process; also that the
jobs produced by the recycling industry can be a poor trade for the jobs lost in logging, mining,
and other industries associated with virgin production; and that materials such as paper pulp can
only be recycled a few times before material degradation prevents further recycling. Proponents
of recycling dispute each of these claims, and the validity of arguments from both sides has led
to enduring controversy.
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History

Early recycling

Recycling has been a common practice for most of human history, with recorded advocates as far
back as Plato in 400 BC. During periods when resources were scarce, archaeological studies of
ancient waste dumps show less household waste (such as ash, broken tools and pottery)—
implying more waste was being recycled in the absence of new material..

In pre-industrial times, there is evidence of scrap bronze and other metals being collected in
Europe and melted down for perpetual reuse. In Britain dust and ash from wood and coal fires
was collected by 'dustmen' and downcycled as a base material used in brick making. The main
driver for these types of recycling was the economic advantage of obtaining recycled feedstock
instead of acquiring virgin material, as well as a lack of public waste removal in ever more
densely populated areas. In 1813, Benjamin Law developed the process of turning rags into
'shoddy' and 'mungo' wool in Batley, Yorkshire. This material combined recycled fibres with
virgin wool. The West Yorkshire shoddy industry in towns such as Batley and Dewsbury, lasted
from the early 19th century to at least 1914.

Industrialization spurred demand for affordable materials; aside from rags, ferrous scrap metals
were coveted as they were cheaper to acquire than was virgin ore. Railroads both purchased and
sold scrap metal in the 19th century, and the growing steel and automobile industries purchased
scrap in the early 20th century. Many secondary goods were collected, processed, and sold by
peddlers who combed dumps, city streets, and went door to door looking for discarded
machinery, pots, pans, and other sources of metal. By World War I, thousands of such peddlers
roamed the streets of American cities, taking advantage of market forces to recycle post-
consumer materials back into industrial production.

Wartime recycling

Resource shortages caused by the world wars, and other such world-changing occurrences
greatly encouraged recycling. Massive government promotion campaigns were carried out in
World War II in every country involved in the war, urging citizens to donate metals and conserve
fibre, as a matter of significant patriotic importance. Resource conservation programs established
during the war were continued in some countries without an abundance of natural resources,
such as Japan, after the war ended.

Post-war recycling
The next big investment in recycling occurred in the 1970s, due to rising energy costs. Recycling
aluminium uses only 5% of the energy required by virgin production; glass, paper and metals

have less dramatic but very significant energy savings when recycled feedstock is used.

The first recycling mill was Waste Techniques, built in Conshohocken, Pennsylvania in 1972.
Waste Techniques was sold to Frank Keel in 1978, and resold to BFI in 1981.
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Woodbury, New Jersey was the first city in the entire United States to mandate recycling. Led by
Rose Rowan in the early 1970s, the idea of towing a "recycling" trailer behind a waste
management vehicle to enable the collection of trash and recyclable material at the same time
emerged. Other towns and cities soon followed suit, and today many cities in the U.S. make
recycling a requirement.

In 1987, the Mobro 4000 barge hauled garbage from New York to North Carolina; where it was
denied. It was then sent to Belize; where it was denied as well. Finally, the barge returned to
New York and the garbage was incinerated. The incident led to heated discussions in the media
about waste disposal and recycling. The incident is often referred to as igniting the recycling
"hysteria" of the 1990s.

Legislation

Supply

A recycling bin in Half Moon Bay, California
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For a recycling program to work, having a large, stable supply of recyclable material is crucial.
Three legislative options have been used to create such a supply: mandatory recycling collection,
container deposit legislation, and refuse bans. Mandatory collection laws set recycling targets for
cities to aim for, usually in the form that a certain percentage of a material must be diverted from
the city's waste stream by a target date. The city is then responsible for working to meet this
target.

Container deposit legislation involves offering a refund for the return of certain containers,
typically glass, plastic, and metal. When a product in such a container is purchased, a small
surcharge is added to the price. This surcharge can be reclaimed by the consumer if the container
is returned to a collection point. These programs have been very successful, often resulting in an
80% recycling rate. Despite such good results, the shift in collection costs from local government
to industry and consumers has created strong opposition to the creation of such programs in
some areas.

A third method of increase supply of recyclates is to ban the disposal of certain materials as
waste, often including used oil, old batteries, tires and garden waste. One aim of this method is to
create a viable economy for proper disposal of banned products. Care must be taken that enough
of these recycling services exist, or such bans simply lead to increased illegal dumping.

Government-mandated demand

Legislation has also been used to increase and maintain a demand for recycled materials. Four
methods of such legislation exist: minimum recycled content mandates, utilization rates,
procurement policies, recycled product labeling.

Both minimum recycled content mandates and utilization rates increase demand directly by
forcing manufacturers to include recycling in their operations. Content mandates specify that a
certain percentage of a new product must consist of recycled material. Utilization rates are a
more flexible option: industries are permitted to meet the recycling targets at any point of their
operation or even contract recycling out in exchange for tradeable credits. Opponents to both of
these methods point to the large increase in reporting requirements they impose, and claim that
they rob industry of necessary flexibility.

Governments have used their own purchasing power to increase recycling demand through what
are called "procurement policies". These policies are either "set-asides", which earmark a certain
amount of spending solely towards recycled products, or "price preference" programs which
provide a larger budget when recycled items are purchased. Additional regulations can target
specific cases: in the United States, for example, the Environmental Protection Agency mandates
the purchase of oil, paper, tires and building insulation from recycled or re-refined sources
whenever possible.

The final government regulation towards increased demand is recycled product labeling. When
producers are required to label their packaging with amount of recycled material in the product
(including the packaging), consumers are better able to make educated choices. Consumers with
sufficient buying power can then choose more environmentally conscious options, prompt
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producers to increase the amount of recycled material in their products, and indirectly increase
demand. Standardized recycling labeling can also have a positive effect on supply of recyclates if
the labeling includes information on how and where the product can be recycled.

Process

Collection

Recycling and rubbish bin in a German railway station.

A number of different systems have been implemented to collect recyclates from the general
waste stream. These systems lie along the spectrum of trade-off between public convenience and
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government ease and expense. The three main categories of collection are "drop-off centres",
"buy-back centres" and "curbside collection".

Drop-off centres require the waste producer to carry the recyclates to a central location, either an
installed or mobile collection station or the reprocessing plant itself. They are the easiest type of
collection to establish, but suffer from low and unpredictable throughput. Buy-back centres differ
in that the cleaned recyclates are purchased, thus providing a clear incentive for use and creating
a stable supply. The post-processed material can then be sold on, hopefully creating a profit.
Unfortunately government subsidies are necessary to make buy-back centres a viable enterprise,
as according to the United States Nation Solid Wastes Management Association it costs on
average US$50 to process a ton of material, which can only be resold for US$30.

Curbside collection

Curbside collection encompasses many subtly different systems, which differ mostly on where in
the process the recyclates are sorted and cleaned. The main categories are mixed waste
collection, commingled recyclables and source separation. A waste collection vehicle generally
picks up the waste.

A recycling truck collecting the contents of a recycling bin in Canberra, Australia.
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At one end of the spectrum is mixed waste collection, in which all recyclates are collected mixed
in with the rest of the waste, and the desired material is then sorted out and cleaned at a central
sorting facility. This results in a large amount of recyclable waste, paper especially, being too
soiled to reprocess, but has advantages as well: the city need not pay for a separate collection of
recyclates and no public education is needed. Any changes to which materials are recyclable is
easy to accommodate as all sorting happens in a central location.

In a Commingled or single-stream system, all recyclables for collection are mixed but kept
separate from other waste. This greatly reduces the need for post-collection cleaning but does
require public education on what materials are recyclable.

Source separation is the other extreme, where each material is cleaned and sorted prior to
collection. This method requires the least post-collection sorting and produces the purest
recyclates, but incurs additional operating costs for collection of each separate material. An
extensive public education program is also required, which must be successful if recyclate
contamination is to be avoided.

Source separation used to be the preferred method due to the high sorting costs incurred by
commingled collection. Advances in sorting technology, however, have lowered this overhead
substantially—many areas which had developed source separation programs have since switched
to comingled collection.
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Sorting

Early sorting of recyclable materials: glass and plastic bottles in Poland.

Once commingled recyclates are collected and delivered to a central collection facility, the
different types of materials must be sorted. This is done in a series of stages, many of which
involve automated processes such that a truck-load of material can be fully sorted in less than an
hour. Some plants can now sort the materials automatically, known as single-stream recycling. A
30 percent increase in recycling rates has been seen in the areas where these plants exist.

Initially, the commingled recyclates are removed from the collection vehicle and placed on a
conveyor belt spread out in a single layer. Large pieces of corrugated fiberboard and plastic bags
are removed by hand at this stage, as they can cause later machinery to jam.

Next, automated machinery separates the recyclates by weight, splitting lighter paper and plastic
from heavier glass and metal. Cardboard is removed from the mixed paper, and the most
common types of plastic, PET (#1) and HDPE (#2), are collected. This separation is usually done
by hand, but has become automated in some sorting centers: a spectroscopic scanner is used to
differentiate between different types of paper and plastic based on the absorbed wavelengths, and
subsequently divert each material into the proper collection channel.
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Strong magnets are used to separate out ferrous metals, such as iron, steel, and tin-plated steel
cans ("tin cans"). Non-ferrous metals are ejected by magnetic eddy currents in which a rotating
magnetic field induces an electric current around the aluminium cans, which in turn creates a
magnetic eddy current inside the cans. This magnetic eddy current is repulsed by a large
magnetic field, and the cans are ejected from the rest of the recyclate stream.

Finally, glass must be sorted by hand based on its color: brown, amber, green or clear.

Cost-benefit analysis

Environmental effects of recycling
Material Energy savings Air pollution savings
Aluminium 95% 95%
Cardboard 24% —
Glass 5-30% 20%
Paper 40% 73%
Plastics 70% —

Steel 60% —

There is some debate over whether recycling is economically efficient. Municipalities often see
fiscal benefits from implementing recycling programs, largely due to the reduced landfill costs.
A study conducted by the Technical University of Denmark found that in 83% of cases,
recycling is the most efficient method to dispose of household waste. However, a 2004
assessment by the Danish Environmental Assessment Institute concluded that incineration was
the most effective method for disposing of drink containers, even aluminium ones.

Fiscal efficiency is separate from economic efficiency. Economic analysis of recycling includes
what economists call externalities, which are unpriced costs and benefits that accrue to
individuals outside of private transactions. Examples include: decreased air pollution and
greenhouse gases from incineration, reduced hazardous waste leaching from landfills, reduced
energy consumption, and reduced waste and resource consumption, which leads to a reduction in
environmentally damaging mining and timber activity. About 4,000 minerals have been
identified, of these around 100 can be called common, another several hundred are relatively
common, and the rest are rare. Without more recycling, zinc could be used up by 2037, both
indium and hafnium could run out by 2017, and terbium could be gone before 2012. At current
rates, reserves of phosphorus will be depleted in the next 50 to 100 years. Without mechanisms
such as taxes or subsidies to internalize externalities, businesses will ignore them despite the
costs imposed on society. To make such non-fiscal benefits economically relevant, advocates
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have pushed for legislative action to increase the demand for recycled materials. The United
States Environmental Protection Agency (EPA) has concluded in favor of recycling, saying that
recycling efforts reduced the country's carbon emissions by a net 49 million metric tonnes in
2005. In the United Kingdom, the Waste and Resources Action Programme stated that Great
Britain's recycling efforts reduce CO, emissions by 10-15 million tonnes a year. Recycling is
more efficient in densely populated areas, as there are economies of scale involved.

Certain requirements must be met for recycling to be economically feasible and environmentally
effective. These include an adequate source of recyclates, a system to extract those recyclates
from the waste stream, a nearby factory capable of reprocessing the recyclates, and a potential
demand for the recycled products. These last two requirements are often overlooked—without
both an industrial market for production using the collected materials and a consumer market for
the manufactured goods, recycling is incomplete and in fact only "collection".

Many economists favor a moderate level of government intervention to provide recycling
services. Economists of this mindset probably view product disposal as an externality of
production and subsequently argue government is most capable of alleviating such a dilemma.
However, those of the laissez faire approach to municipal recycling see product disposal as a
service that consumers value. A free-market approach is more likely to suit the preferences of
consumers since profit-seeking businesses have greater incentive to produce a quality product or
service than does government. Moreover, economists most always advise against government
intrusion in any market with little or no externalities.”
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Trade in recyclates

Computers being collected for recycling at a pickup event in Olympia, Washington, United States.

Certain countries trade in unprocessed recyclates. Some have complained that the ultimate fate of
recyclates sold to another country is unknown and they may end up in landfills instead of
reprocessed. According to one report, in America, 50-80% of computers destined for recycling
are actually not recycled. There are reports of illegal-waste imports to China being dismantled
and recycled solely for monetary gain, without consideration for workers' health or
environmental damage. Though the Chinese government has banned these practices, it has not
been able to eradicate them. In 2008, the prices of recyclable waste plummeted before
rebounding in 2009. Cardboard averaged about £53/tonne from 2004-2008, dropped to
£19/tonne, and then went up to £59/tonne in May 2009. PET plastic averaged about £156/tonne,
dropped to £75/tonne and then moved up to £195/tonne in May 2009. Certain regions have
difficulty using or exporting as much of a material as they recycle. This problem is most
prevalent with glass: both Britain and the U.S. import large quantities of wine bottled in green
glass. Though much of this glass is sent to be recycled, outside the American Midwest there is
not enough wine production to use all of the reprocessed material. The extra must be downcycled
into building materials or re-inserted into the regular waste stream.

Similarly, the northwestern United States has difficulty finding markets for recycled newspaper,

given the large number of pulp mills in the region as well as the proximity to Asian markets. In
other areas of the U.S., however, demand for used newsprint has seen wide fluctuation.
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In some U.S. states, a program called RecycleBank pays people with coupons to recycle,
receiving money from local municipalities for the reduction in landfill space which must be
purchased. It uses a single stream process in which all material is automatically sorted.

Criticism
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An Italian aluminium can recycling logo. Both the USA, UK and Italy have several aluminium rescaling

scheme in operation.
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An UK LDPE plastic bottle recycling logo. The UK openly encourages plastic recycling schemes and has
many underway already.

Much of the difficulty inherent in recycling comes from the fact that most products are not
designed with recycling in mind. The concept of sustainable design aims to solve this problem,
and was laid out in the book "Cradle to Cradle: Remaking the Way We Make Things" by
architect William McDonough and chemist Michael Braungart. They suggest that every product
(and all packaging they require) should have a complete "closed-loop" cycle mapped out for each
component—a way in which every component will either return to the natural ecosystem through
biodegradation or be recycled indefinitely.

As with environmental economics, care must be taken to ensure a complete view of the costs and
benefits involved. For example, cardboard packaging for food products is more easily recycled

than plastic, but is heavier to ship and may result in more waste from spoilage.

The following are criticisms of many popular points used for recycling.
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Saves energy

There is controversy on just how much energy is saved through recycling. The Energy
Information Administration (EIA) states on its website that "a paper mill uses 40 percent less
energy to make paper from recycled paper than it does to make paper from fresh lumber." Critics
often argue that in the overall processes, it can take more energy to produce recycled products
than it does to dispose of them in traditional landfill methods. This argument is followed from
the curbside collection of recyclables, which critics note is often done by a second waste truck.
Recycling proponents point out that a second timber or logging truck is eliminated when paper is
collected for recycling.

It is difficult to determine the exact amount of energy consumed or produced in waste disposal
processes. How much energy is used in recycling depends largely on the type of material being
recycled and the process used to do so. Aluminium is generally agreed to use far less energy
when recycled rather than being produced from scratch. The EPA states that "recycling
aluminum cans, for example, saves 95 percent of the energy required to make the same amount
of aluminum from its virgin source, bauxite."

Economist Steven Landsburg has suggested that the sole benefit of reducing landfill space is
trumped by the energy needed and resulting pollution from the recycling process. Others,
however, have calculated through life cycle assessment that producing recycled paper uses less
energy and water than harvesting, pulping, processing, and transporting virgin trees. When less
recycled paper is used, additional energy is needed to create and maintain farmed forests until
these forests are as self-sustainable as virgin forests.

Other studies have shown that recycling in itself is inefficient to perform the “decoupling” of
economic development from the depletion of non-renewable raw materials that is necessary for
sustainable development. When global consumption of a natural resource grows by more than

1% per annum, its depletion is inevitable, and the best recycling can do is to delay it by a number
of years. Nevertheless, if this decoupling can be achieved by other means, so that consumption of
the resource is reduced below 1% per annum, then recycling becomes indispensable — indeed
recycling rates above 80% are required for a significant slowdown of the resource depletion.
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Saves money

A man rummaging through a skip at the back of an office building in Central London in 2006. The wood
could be used for urban lumberjacking and the cardboard could be recycled.

The amount of money actually saved through recycling depends on the efficiency of the
recycling program used to do it. The Institute for Local Self-Reliance argues that the cost of
recycling depends on various factors around a community that recycles, such as landfill fees and
the amount of disposal that the community recycles. It states that communities start to save
money when they treat recycling as a replacement for their traditional waste system rather than
an add-on to it and by "redesigning their collection schedules and/or trucks."

In many cases, the cost of recyclable materials also exceeds the cost of raw materials. Virgin
plastic resin costs 40% less than recycled resin. Additionally, a United States Environmental
Protection Agency (EPA) study that tracked the price of clear glass from July 15 to August 2,
1991, found that the average cost per ton ranged from $40 to $60, while a USGS report shows
that the cost per ton of raw silica sand from years 1993 to 1997 fell between $17.33 and $18.10.

In a 1996 article for The New York Times, John Tierney argued that it costs more money to
recycle the trash of New York City than it does to dispose of it in a landfill. Tierney argued that
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the recycling process employs people to do the additional waste disposal, sorting, inspecting, and
many fees are often charged because the processing costs used to make the end product are often
more than the profit from its sale. Tierney also referenced a study conducted by the Solid Waste
Association of North America (SWANA) that found in the six communities involved in the
study, "all but one of the curbside recycling programs, and all the composting operations and
waste-to-energy incinerators, increased the cost of waste disposal."

Tierney also points out that "the prices paid for scrap materials are a measure of their
environmental value as recyclables. Scrap aluminum fetches a high price because recycling it
consumes so much less energy than manufacturing new aluminum."

Working conditions

Critics often argue that while recycling may create jobs, they are often jobs with low wages and
terrible working conditions. These jobs are sometimes considered to be make-work jobs that
don't produce as much as the cost of wages to pay for those jobs. In areas without many
environmental regulations and/or worker protections, jobs involved in recycling such as ship
breaking can result in deplorable conditions for both workers and the surrounding communities.

Recycling proponents counter that the jobs involved in recovery of an equal amount of virgin
material creates worse jobs. Timber harvesting and ore mining are more dangerous than paper
recycling and metal recycling.

Saves trees

Economist Steven Landsburg, author of a paper entitled "Why I Am Not an Environmentalist,"
has claimed that paper recycling actually reduces tree populations. He argues that because paper
companies have incentives to replenish the forests they own, large demands for paper lead to
large forests. Conversely, reduced demand for paper leads to fewer "farmed" forests. Similar
arguments were expressed in a 1995 article for The Free Market.

When foresting companies cut down trees, more are planted in their place. Most paper comes
from pulp forests grown specifically for paper production. Many environmentalists point out,
however, that "farmed" forests are inferior to virgin forests in several ways. Farmed forests are
not able to fix the soil as quickly as virgin forests, causing widespread soil erosion and often
requiring large amounts of fertilizer to maintain while containing little tree and wild-life
biodiversity compared to virgin forests. Also, the new trees planted are not as big as the trees that
were cut down, and the argument that there will be "more trees" is not compelling to forestry
advocates when they are counting saplings.

The recycling of paper should not be confused with saving the tropical forest. Many people have
the misconception that paper-making is what's causing deforestation of tropical rain forests but
rarely any tropical wood is harvested for paper. Deforestation is mainly caused by population
pressure such as demand of more land for agriculture or construction use. Therefore, the
recycling paper, although reduces demand of trees, doesn't greatly benefit the tropical rain
forests.
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Possible income loss and social costs

In some prosperous and many less prosperous countries in the world, the traditional job of
recycling is performed by the entrepreneurial poor such as the karung guni, Zabaleen, the rag and
bone man, waste picker, and junk man. With the creation of large recycling organizations that
may be profitable, either by law or economies of scale, the poor are more likely to be driven out
of the recycling and the remanufacturing market. To compensate for this loss of income to the
poor, a society may need to create additional forms of societal programs to help support the poor.
Like the parable of the broken window, there is a net loss to the poor and possibly the whole of a
society to make recycling artificially profitable through law. However, as seen in Brazil and
Argentina, waste pickers/informal recyclers are able to work alongside governments, in
(semi)funded cooperatives, allowing informal recycling to be legitimized as a paying
government job.

Because the social support of a country is likely less than the loss of income to the poor doing
recycling, there is a greater chance that the poor will come in conflict with the large recycling
organizations. This means fewer people can decide if certain waste is more economically
reusable in its current form rather than being reprocessed. Contrasted to the recycling poor, the
efficiency of their recycling may actually be higher for some materials because individuals have
greater control over what is considered “waste.”

One labor-intensive underused waste is electronic and computer waste. Because this waste may
still be functional and wanted mostly by the poor, the poor may sell or use it at a greater
efficiency than large recyclers.

Many recycling advocates believe that this laissez-faire individual-based recycling does not
cover all of society’s recycling needs. Thus, it does not negate the need for an organized
recycling program. Local government often consider the activities of the recycling poor as
contributing to property blight.

Public participation in recycling programmes

Many studies have addressed recycling behaviour and strategies to encourage community
involvement in recycling programmes. It has been argued that recycling behaviour is not natural
because it requires a focus and appreciation for long term planning, whereas humans have
evolved to be sensitive to short term survival goals; and that to overcome this innate
predisposition, the best solution would be to use social pressure to compel participation in
recycling programmes. However, recent studies have concluded that social pressure is unviable
in this context. One reason for this is that social pressure functions well in small group sizes of
50 to 150 indiviudals (common to nomadic hunter-gatherer peoples) but not in communities
numbering in the millions, as we see today. Another reason is that individual recycling does not
take place in the public view.
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Chapter 7

Pollution Control Devices

Dust collector

Dust collector in Pristina, Kosovo

Designed to handle heavy dust loads, a dust collector system consists of a blower, dust filter, a
filter-cleaning system, and a dust receptacle or dust removal system. It is distinguished from air
cleaners which use disposable filters to remove dust.
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Types of dust collectors

Five principal types of industrial dust collectors are:

e Inertial separators

e Fabric filters

e Wet scrubbers

e Electrostatic precipitators
e Unit collectors

Inertial separators

Inertial separators separate dust from gas streams using a combination of forces, such as
centrifugal, gravitational, and inertial. These forces move the dust to an area where the forces
exerted by the gas stream are minimal. The separated dust is moved by gravity into a hopper,
where it is temporarily stored.

The three primary types of inertial separators are:

e Settling chambers
e Baffle chambers
e Centrifugal collectors

Neither settling chambers nor baffle chambers are commonly used in the minerals processing
industry. However, their principles of operation are often incorporated into the design of more
efficient dust collectors.

e ey

Settling Chamber

Settling chamber

A settling chamber consists of a large box installed in the ductwork. The sudden expansion of
size at the chamber reduces the speed of the dust-filled airstream and heavier particles settle out.

Settling chambers are simple in design and can be manufactured from almost any material.

However, they are seldom used as primary dust collectors because of their large space
requirements and low efficiency. A practical use is as precleaners for more efficient collectors.
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Baffle Chamber

Baffle chamber diagram.

Baffle chamber

Baffle chambers use a fixed baffle plate that causes the conveying gas stream to make a sudden
change of direction. Large-diameter particles do not follow the gas stream but continue into a
dead air space and settle. Baffle chambers are used as precleaners

Cyclone

Centrifugal collectors

Centrifugal collectors use cyclonic action to separate dust particles from the gas stream. In a
typical cyclone, the dust gas stream enters at an angle and is spun rapidly. The centrifugal force
created by the circular flow throws the dust particles toward the wall of the cyclone. After
striking the wall, these particles fall into a hopper located underneath.

The most common types of centrifugal, or inertial, collectors in use today are:
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Single-cyclone separators

They create a dual vortex to separate coarse from fine dust. The main vortex spirals downward
and carries most of the coarser dust particles. The inner vortex, created near the bottom of the
cyclone, spirals upward and carries finer dust particles.

Multiclone

Multiple-cyclone separators

Also known as multiclones, consist of a number of small-diameter cyclones, operating in parallel
and having a common gas inlet and outlet, as shown in the figure. Multiclones operate on the
same principle as cyclones—creating a main downward vortex and an ascending inner vortex.

Multiclones are more efficient than single cyclones because they are longer and smaller in
diameter. The longer length provides longer residence time while the smaller diameter creates
greater centrifugal force. These two factors result in better separation of dust particulates. The
pressure drop of multiclone collectors is higher than that of single-cyclone separators.

Babcock & Wilcox is the original manufacturer and trademark holder of Multiclone dust
collectors and replacement parts formerly offered by Western Precipitation. Multiclone dust
collectors are found in all types of power and industrial applications, including pulp and paper
plants, cement plants, steel mills, petroleum coke plants, metallurgical plants, saw mills and
other kinds of facilities that process dust.

Secondary Air Flow Separators

This type of cyclone uses a secondary air flow, injected into the cyclone to accomplish several
things. The secondary air flow increases the speed of the cyclonic action making the separator
more efficient; it intercepts the particulate before it reaches the interior walls of the unit; and it
forces the separated particulate toward the collection area. The secondary air flow protects the
separator from particulate abrasion and allows the separator to be installed horizontally because
gravity is not depended upon to move the separated particulate downward.
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Fabric filters
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Baghouse

Commonly known as baghouses, fabric collectors use filtration to separate dust particulates from
dusty gases. They are one of the most efficient and cost effective types of dust collectors
available and can achieve a collection efficiency of more than 99% for very fine particulates.

Dust-laden gases enter the baghouse and pass through fabric bags that act as filters. The bags can
be of woven or felted cotton, synthetic, or glass-fiber material in either a tube or envelope shape.

The high efficiency of these collectors is due to the dust cake formed on the surfaces of the bags.
The fabric primarily provides a surface on which dust particulates collect through the following
four mechanisms:

e Inertial collection - Dust particles strike the fibers placed perpendicular to the gas-flow direction
instead of changing direction with the gas stream.

e Interception - Particles that do not cross the fluid streamlines come in contact with fibers
because of the fiber size.

e Brownian movement - Submicrometre particles are diffused, increasing the probability of
contact between the particles and collecting surfaces.

e Electrostatic forces - The presence of an electrostatic charge on the particles and the filter can
increase dust capture.

A combination of these mechanisms results in formation of the dust cake on the filter, which
eventually increases the resistance to gas flow. The filter must be cleaned periodically.
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Types of baghouses

As classified by cleaning method, three common types of baghouses are:

Meachanical-Shaker Baghouse
Mechanical shaker

In mechanical-shaker baghouses, tubular filter bags are fastened onto a cell plate at the bottom of
the baghouse and suspended from horizontal beams at the top. Dirty gas enters the bottom of the
baghouse and passes through the filter, and the dust collects on the inside surface of the bags.

Cleaning a mechanical-shaker baghouse is accomplished by shaking the top horizontal bar from
which the bags are suspended. Vibration produced by a motor-driven shaft and cam creates
waves in the bags to shake off the dust cake.

Shaker baghouses range in size from small, handshaker devices to large, compartmentalized
units. They can operate intermittently or continuously. Intermittent units can be used when
processes operate on a batch basis-when a batch is completed, the baghouse can be cleaned.
Continuous processes use compartmentalized baghouses; when one compartment is being
cleaned, the airflow can be diverted to other compartments.

In shaker baghouses, there must be no positive pressure inside the bags during the shake cycle.
Pressures as low as 0.02 in. wg can interfere with cleaning.

The air to cloth ratio for shaker baghouses is relatively low, hence the space requirements are

quite high. However, because of the simplicity of design, they are popular in the minerals
processing industry.
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Reverse air
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Reverse-Air Baghouse

In reverse-air baghouses, the bags are fastened onto a cell plate at the bottom of the baghouse
and suspended from an adjustable hanger frame at the top. Dirty gas flow normally enters the
baghouse and passes through the bag from the inside, and the dust collects on the inside of the
bags.

Reverse-air baghouses are compartmentalized to allow continuous operation. Before a cleaning
cycle begins, filtration is stopped in the compartment to be cleaned. Bags are cleaned by
injecting clean air into the dust collector in a reverse direction, which pressurizes the
compartment. The pressure makes the bags collapse partially, causing the dust cake to crack and
fall into the hopper below. At the end of the cleaning cycle, reverse airflow is discontinued, and
the compartment is returned to the main stream.

The flow of the dirty gas helps maintain the shape of the bag. However, to prevent total collapse
and fabric chafing during the cleaning cycle, rigid rings are sewn into the bags at intervals.

Space requirements for a reverse-air baghouse are comparable to those of a shaker baghouse;
however, maintenance needs are somewhat greater.
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Reverse jet
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Reverse-Jat Baghousea

In reverse-pulse-jet baghouses, individual bags are supported by a metal cage, which is fastened
onto a cell plate at the top of the baghouse. Dirty gas enters from the bottom of the baghouse and
flows from outside to inside the bags. The metal cage prevents collapse of the bag.

Bags are cleaned by a short burst of compressed air injected through a common manifold over a
row of bags. The compressed air is accelerated by a venturi nozzle mounted at the reverse-jet
baghouse top of the bag. Since the duration of the compressed-air burst is short (0.1s), it acts as a
rapidly moving air bubble, traveling through the entire length of the bag and causing the bag
surfaces to flex. This flexing of the bags breaks the dust cake, and the dislodged dust falls into a
storage hopper below.

Reverse-pulse-jet dust collectors can be operated continuously and cleaned without interruption
of flow because the burst of compressed air is very small compared with the total volume of
dusty air through the collector. Because of this continuous-cleaning feature, reverse-jet dust
collectors are usually not compartmentalized.

The short cleaning cycle of reverse-jet collectors reduces recirculation and redeposit of dust.
These collectors provide more complete cleaning and reconditioning of bags than shaker or
reverse-air cleaning methods. Also, the continuous-cleaning feature allows them to operate at
higher air-to-cloth ratios, so the space requirements are lower.

This cleaning system works with the help of digital sequential timer attached to the fabric filter.
this timer indicates the solenoid valve to inject the air to the blow pipe.

Fabric filters generally have the following parts:

Clean plenum

Dusty pleanum

Bag, cage, ventury assembly
Tubeplate

RAV/SCREW
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6. Compressed air header
7. Blow pipe
8. Housing and hopper

Cartridge collectors

Cartridge collectors are another commonly used type of dust collector. Unlike baghouse
collectors, in which the filtering media is woven or felt bags, this type of collector employs
perforated metal cartridges that contain a pleated, nonwoven filtering media. Due to its pleated
design, the total filtering surface area is greater than in a conventional bag of the same diameter,
resulting in reduced air to media ratio, pressure drop, and overall collector size.

Cartridge collectors are available in single use or continuous duty designs. In single-use
collectors, the dirty cartridges are changed while the collector is off. In the continuous duty
design, the cartridges are cleaned by the conventional pulse-jet cleaning system.

Almost always includes a steel enclosure containing porous filter media that separate fine dust
particles from a flowing stream of dirty air. The most common filter media used in collectors are
filter bags and cartridges. Dust particles build up on the outside of the media and form a coating
called "dust cake." It is this layer that does the actual job of filtering fine particles. As the cake
builds up, the pressure drop across the filter bag rises.

Wet scrubbers

Wet Scrubber

Dust collectors that use liquid are commonly known as wet scrubbers. In these systems, the
scrubbing liquid (usually water) comes into contact with a gas stream containing dust particles.
The greater the contact of the gas and liquid streams, the higher the dust removal efficiency.

There are a large variety of wet scrubbers; however, all have one of three basic operations:

e Gas-humidification - The gas-humidification process conditions fine particles to increase their
size so they can be collected more easily.

e Gas-liquid contact - This is one of the most important factors affecting collection efficiency. The
particle and droplet come into contact by four primary mechanisms:
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o Inertial impaction - When water droplets placed in the path of a dust-laden gas stream,
the stream separates and flows around them. Due to inertia, the larger dust particles
will continue on in a straight path, hit the droplets, and become encapsulated.

o Interception - Finer particles moving within a gas stream do not hit droplets directly but
brush against them and adhere to them.

o Diffusion - When liquid droplets are scattered among dust particles, the particles are
deposited on the droplet surfaces by Brownian movement, or diffusion. This is the
principal mechanism in the collection of submicrometre dust particles.

o Condensation nucleation - If a gas passing through a scrubber is cooled below the
dewpoint, condensation of moisture occurs on the dust particles. This increase in
particle size makes collection easier.

e Gas-liquid separation - Regardless of the contact mechanism used, as much liquid and dust as
possible must be removed. Once contact is made, dust particulates and water droplets combine
to form agglomerates. As the agglomerates grow larger, they settle into a collector.

The "cleaned" gases are normally passed through a mist eliminator (demister pads) to remove
water droplets from the gas stream. The dirty water from the scrubber system is either cleaned
and discharged or recycled to the scrubber. Dust is removed from the scrubber in a clarification
unit or a drag chain tank. In both systems solid material settles on the bottom of the tank. A drag
chain system removes the sludge and deposits in into a dumpster or stockpile.

Types of scrubbers

Spray-tower scrubber wet scrubbers may be categorized by pressure drop as follows:

e Low-energy scrubbers (0.5 to 2.5 inches water gauge - 124.4 to 621.9 Pa)

e Low- to medium-energy scrubbers (2.5 to 6 inches water gauge - 0.622 to 1.493 kPa)
e Medium- to high-energy scrubbers (6 to 15 inches water gauge - 1.493 to 3.731 kPa)
e High-energy scrubbers (greater than 15 inches water gauge - greater than 3.731 kPa)

Due to the large number of commercial scrubbers available, it is not possible to describe each
individual type here. However, the following sections provide examples of typical scrubbers in
each category.

Low-energy scrubbers

In the simple, gravity-spray-tower scrubber, liquid droplets formed by liquid atomized in spray
nozzles fall through rising exhaust gases. Dirty water is drained at the bottom.

These scrubbers operated at pressure drops of 1 to 2 in. water gauge (%4 to 2 kPa) and are
approximately 70% efficient on 10 um particles. Their efficiency is poor below 10 um.
However, they are capable of treating relatively high dust concentrations without becoming

plugged.
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Low- to medium-energy scrubbers

Wet cyclones use centrifugal force to spin the dust particles (similar to a cyclone), and throw the
particulates upon the collector's wetted walls. Water introduced from the top to wet the cyclone
walls carries these particles away. The wetted walls also prevent dust reentrainment.

Pressure drops for these collectors range from 2 to 8 in. water (%2 to 2 kPa), and the collection
efficiency is good for 5 um particles and above.

Medium- to high-energy scrubbers co-current-flow scrubber

Packed-bed scrubbers consist of beds of packing elements, such as coke, broken rock, rings,
saddles, or other manufactured elements. The packing breaks down the liquid flow into a high-
surface-area film so that the dusty gas streams passing through the bed achieve maximum contact
with the liquid film and become deposited on the surfaces of the packing elements. These
scrubbers have a good collection efficiency for respirable dust.

Three types of packed-bed scrubbers are-

e Cross-flow scrubbers
e Co-current flow scrubbers
e Counter-current flow scrubbers

Efficiency can be greatly increased by minimizing target size, i.e., using 0.003 in. (7.62 mm)
diameter stainless steel wire and increasing gas velocity to more than 1,800 ft/min (9.14 m/s).

High-energy scrubbers

Venturi scrubbers consist of a venturi-shaped inlet and separator. The dust-laden gases venturi
scrubber enter through the venturi and are accelerated to speeds between 12,000 and

36,000 ft/min (60.97-182.83 m/s). These high-gas velocities immediately atomize the coarse
water spray, which is injected radially into the venturi throat, into fine droplets. High energy and
extreme turbulence promote collision between water droplets and dust particulates in the throat.
The agglomeration process between particle and droplet continues in the diverging section of the
venturi. The large agglomerates formed in the venturi are then removed by an inertial separator.

Venturi scrubbers achieve very high collection efficiencies for respirable dust. Since efficiency

of a venturi scrubber depends on pressure drop, some manufacturers supply a variable-throat
venturi to maintain pressure drop with varying gas flows.

Electrostatic precipitators (ESP)
Electrostatic precipitators use electrostatic forces to separate dust particles from exhaust gases. A

number of high-voltage, direct-current discharge electrodes are placed between grounded
collecting electrodes. The contaminated gases flow through the passage formed by the discharge
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and collecting electrodes. Electrostatic precipitators operate on the same principle as home
"lonic" air purifiers.

The airborne particles receive a negative charge as they pass through the ionized field between
the electrodes. These charged particles are then attracted to a grounded or positively charged
electrode and adhere to it.

The collected material on the electrodes is removed by rapping or vibrating the collecting
electrodes either continuously or at a predetermined interval. Cleaning a precipitator can usually
be done without interrupting the airflow.

The four main components of all electrostatic precipitators are-

e Power supply unit, to provide high-voltage DC power

e lonizing section, to impart a charge to particulates in the gas stream
e A means of removing the collected particulates

e A housing to enclose the precipitator zone

The following factors affect the efficiency of electrostatic precipitators:

e Larger collection-surface areas and lower gas-flow rates increase efficiency because of the
increased time available for electrical activity to treat the dust particles.
e Anincrease in the dust-particle migration velocity to the collecting electrodes increases
efficiency. The migration velocity can be increased by-
o Decreasing the gas viscosity
o Increasing the gas temperature
o Increasing the voltage field

Types of precipitators

There are two main types of precipitators:

e High-voltage, single-stage - Single-stage precipitators combine an ionization and a collection
step. They are commonly referred to as Cottrell precipitators.

e Low-voltage, two-stage - Two-stage precipitators use a similar principle; however, the ionizing
section is followed by collection plates.

Described below is the high-voltage, single-stage precipitator, which is widely used in minerals
processing operations. The low-voltage, two-stage precipitator is generally used for filtration in
air-conditioning systems.

Plate precipitators

The majority of electrostatic precipitators installed are the plate type. Particles are collected on
flat, parallel surfaces that are 8 to 12 in. (20 to 30 cm) apart, with a series of discharge electrodes
spaced along the centerline of two adjacent plates. The contaminated gases pass through the
passage between the plates, and the particles become charged and adhere to the collection plates.
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Collected particles are usually removed by rapping the plates and deposited in bins or hoppers at
the base of the precipitator.

Tubular precipitators

Tubular precipitators consist of cylindrical collection electrodes with discharge electrodes
located on the axis of the cylinder. The contaminated gases flow around the discharge electrode
and up through the inside of the cylinders. The charged particles are collected on the grounded
walls of the cylinder. The collected dust is removed from the bottom of the cylinder.

Tubular precipitators are often used for mist or fog collection or for adhesive, sticky, radioactive,
or extremely toxic materials.

Unit collectors

Unlike central collectors, unit collectors control contamination at its source. They are small and
self-contained, consisting of a fan and some form of dust collector. They are suitable for isolated,
portable, or frequently moved dust-producing operations, such as bins and silos or remote belt-
conveyor transfer points. Advantages of unit collectors include small space requirements, the
return of collected dust to main material flow, and low initial cost. However, their dust-holding
and storage capacities, servicing facilities, and maintenance periods have been sacrificed.

A number of designs are available, with capacities ranging from 200 to 2,000 ft*/min (90 to
900 L/s). There are two main types of unit collectors:

e Fabric collectors, with manual shaking or pulse-jet cleaning - normally used for fine dust
e Cyclone collectors - normally used for coarse dust

Fabric collectors are frequently used in minerals processing operations because they provide high
collection efficiency and uninterrupted exhaust airflow between cleaning cycles. Cyclone
collectors are used when coarser dust is generated, as in woodworking, metal grinding, or
machining.

The following points should be considered when selecting a unit collector:

e Cleaning efficiency must comply with all applicable regulations.

e The unit should maintain its rated capacity while accumulating large amounts of dust between
cleanings.

e The cleaning operations should be simple and should not increase the surrounding dust
concentration.

e The unit should be capable of operating unattended for extended periods of time (for example,
8 hours).

e The unit should have an automatic discharge or sufficient dust storage space to hold at least one
week's accumulation.

e If renewable filters are used, they should not have to be replaced more than once a month.

e The unit should be durable.

e The unit should be quiet.
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Use of unit collectors may not be appropriate if the dust-producing operations are located in an
area where central exhaust systems would be practical. Dust removal and servicing requirements
are expensive for many unit collectors and are more likely to be neglected than those for a single,
large collector.

Selecting a dust collector

Dust collectors vary widely in design, operation, effectiveness, space requirements, construction,
and capital, operating, and maintenance costs. Each type has advantages and disadvantages.
However, the selection of a dust collector should be based on the following general factors:

e Dust concentration and particle size - For minerals processing operations, the dust
concentration can range from 0.1 to 5.0 grains (0.32 g) of dust per cubic feet of air (0.23 to
11.44 grams per standard cubic meter), and the particle size can vary from 0.5 to 100 pm.

e Degree of dust collection required - The degree of dust collection required depends on its
potential as a health hazard or public nuisance, the plant location, the allowable emission rate,
the nature of the dust, its salvage value, and so forth. The selection of a collector should be
based on the efficiency required and should consider the need for high-efficiency, high-cost
equipment, such as electrostatic precipitators; high-efficiency, moderate-cost equipment, such
as baghouses or wet scrubbers; or lower cost, primary units, such as dry centrifugal collectors.

e Characteristics of airstream - The characteristics of the airstream can have a significant impact
on collector selection. For example, cotton fabric filters cannot be used where air temperatures
exceed 180°F (82°C). Also, condensation of steam or water vapor can blind bags. Various
chemicals can attach fabric or metal and cause corrosion in wet scrubbers.

e Characteristics of dust - Moderate to heavy concentrations of many dusts (such as dust from
silica sand or metal ores) can be abrasive to dry centrifugal collectors. Hygroscopic material can
blind bag collectors. Sticky material can adhere to collector elements and plug passages. Some
particle sizes and shapes may rule out certain types of fabric collectors. The combustible nature
of many fine materials rules out the use of electrostatic precipitators.

e Methods of disposal - Methods of dust removal and disposal vary with the material, plant
process, volume, and type of collector used. Collectors can unload continuously or in batches.
Dry materials can create secondary dust problems during unloading and disposal that do not
occur with wet collectors. Disposal of wet slurry or sludge can be an additional material-
handling problem; sewer or water pollution problems can result if wastewater is not treated

properly.

Fan and motor

The fan and motor system supplies mechanical energy to move contaminated air from the dust-
producing source to a dust collector.

Types of fans

There are two main kinds of industrial fans:

e Centrifugal fans
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e Axial-flow fans

Centrifugal fans

Centrifugal fans consist of a wheel or a rotor mounted on a shaft that rotates in a scroll-shaped
housing. Air enters at the eye of the rotor, makes a right-angle turn, and is forced through the
blades of the rotor by centrifugal force into the scroll-shaped housing. The centrifugal force
imparts static pressure to the air. The diverging shape of the scroll also converts a portion of the
velocity pressure into static pressure.

There are three main types of centrifugal fans:

e Radial-blade fans - Radial-blade fans are used for heavy dust loads. Their straight, radial blades
do not get clogged with material, and they withstand considerable abrasion. These fans have
medium tip speeds and medium noise factors.

e Backward-blade fans - Backward-blade fans operate at higher tip speeds and thus are more
efficient. Since material may build up on the blades, these fans should be used after a dust
collector. Although they are noisier than radial-blade fans, backward-blade fans are commonly
used for large-volume dust collection systems because of their higher efficiency.

e Forward-curved-blade fans - These fans have curved blades that are tipped in the direction of
rotation. They have low space requirements, low tip speeds, and a low noise factor. They are
usually used against low to moderate static pressures.

Axial-flow fans

Axial-flow fans are used in systems that have low resistance levels. These fans move the air
parallel to the fan's axis of rotation. The screw-like action of the propellers moves the air in a
straight-through parallel path, causing a helical flow pattern.

The three main kinds of axial fans are-

e Propeller fans - These fans are used to move large quantities of air against very low static
pressures. They are usually used for general ventilation or dilution ventilation and are good in
developing up to 0.5 in. wg (124.4 Pa).

e Tube-axial fans - Tube-axial fans are similar to propeller fans except they are mounted in a tube
or cylinder. Therefore, they are more efficient than propeller fans and can develop up to 3 to
4 in. wg (743.3 to 995 Pa). They are best suited for moving air containing substances such as
condensible fumes or pigments.

e Vane-axial fans - Vane-axial fans are similar to tube-axial fans except air-straightening vanes are
installed on the suction or discharge side of the rotor. They are easily adapted to multistaging
and can develop static pressures as high as 14 to 16 in. wg (3.483 to 3.98 kPa). They are
normally used for clean air only.

WORLD TECHNOLOGIES




Fan selection
When selecting a fan, the following points should be considered:

e Volume required

e Fan static pressure

e Type of material to be handled through the fan (For example, a radial-blade fan should be used
with fibrous material or heavy dust loads, and nonsparking construction must be used with
explosive or inflammable materials.)

e Type of drive arrangement, such as direct drive or belt drive

e Space requirements

¢ Noise levels

e Operating temperature (For example, sleeve bearings are suitable to 250°F/121.1°C; ball
bearings to 550°F/287.8°C)

e Sufficient size to handle the required volume and pressure with minimum horsepower

e Need for special coatings or construction when operating in corrosive atmospheres

e Ability of fan to accommodate small changes in total pressure while maintaining the necessary
air volume

e Need for an outlet damper to control airflow during cold starts (If necessary, the damper may be
interlocked with the fan for a gradual start until steady-state conditions are reached.)

Fan Rating Tables

After the above information is collected, the actual selection of fan size and speed is usually
made from a rating table published by the fan manufacturer. This table is known as a multirating
table, and it shows the complete range of capacities for a particular size of fan.

Points to note:

e The multirating table shows the range of pressures and speeds possible within the limits of the
fan's construction.

e A particular fan may be available in different construction classes (identified as class | through
IV) relating to its capabilities and limits.

e For agiven pressure, the highest mechanical efficiency is usually found in the middle third of the
volume column.

e Afan operating at a given speed can have an infinite number of ratings (pressure and volume)
along the length of its characteristic curve. However, when the fan is installed in a dust
collection system, the point of rating can only be at the point at which the system resistance
curve intersects the fan characteristic curve.

e Inagiven system, a fan at a fixed speed or at a fixed blade setting can have a single rating only.
This rating can be changed only be changing the fan speed, blade setting, or the system
resistance.

e Foragiven system, an increase in exhaust volume will result in increases in static and total
pressures. For example, for a 20% increase in exhaust volume in a system with 5 in. pressure
loss, the new pressure loss will be 5 x (1.20)2 = 7.2 in.

e e For rapid estimates of probable exhaust volumes available for a given motor size, the equation
for brake horsepower, as illustrated, can be useful.
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Fan installation Typical fan discharge conditions Fan ratings for volume and static pressure, as
described in the multirating tables, are based on the tests conducted under ideal conditions.
Often, field installation creates airflow problems that reduce the fan's air delivery. The following
points should be considered when installing the fan:

e Avoid installation of elbows or bends at the fan discharge, which will lower fan performance by
increasing the system's resistance.

e Avoid installing fittings that may cause non-uniform flow, such as an elbow, mitred elbow, or
square duct.

e Check that the fan impeller is rotating in the proper direction-clockwise or counterclockwise.

e For belt-driven fans-

o Check that the motor sheave and fan sheave are aligned properly.

o Check for proper belt tension.

e Check the passages between inlets, impeller blades, and inside of housing for buildup of dirt,
obstructions, or trapped foreign matter.

Electric motors
Electric motors are used to supply the necessary energy to drive the fan.

Integral-horsepower electric motors are normally three-phase, alternating-current motors.
Fractional-horsepower electric motors are normally single-phase, alternating-current motors and
are used when less than 1 hp (0.75 kW) is required. Since most dust collection systems require
motors with more than 1 hp (0.75 kW), only integral-horsepower motors are discussed here.

The two most common types of integral-horsepower motors used in dust collection systems are-

e Squirrel-cage motors - These motors have a constant speed and are of a nonsynchronous,
induction type.

e Wound-rotor motors - These motors are also known as slip-ring motors. They are general-
purpose or continuous-rated motors and are chiefly used when an adjustable-speed motor is
desired.

Squirrel-cage and wound-rotor motors are further classified according to the type of enclosure
they use to protect their interior windings. These enclosures fall into two broad categories:

e Open
e Totally enclosed

Drip-proof and splash-proof motors are open motors. They provide varying degrees of

protection; however, they should not be used where the air contains substances that might be
harmful to the interior of the motor.
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Totally enclosed motors are weather-protected with the windings enclosed. These enclosures
prevent free exchange of air between the inside and the outside, but they are not airtight.

Totally enclosed, fan-cooled (TEFC) motors are another kind of totally enclosed motor. These
motors are the most commonly used motors in dust collection systems. They have an integral-
cooling fan outside the enclosure, but within the protective shield, that directs air over the
enclosure.

Both open and totally-enclosed motors are available in explosion-proof and dust-ignition-proof
models to protect against explosion and fire in hazardous environments.

Motors are selected to provide sufficient power to operate fans over the full range of process
conditions (temperature and flow rate).
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Figure 1. Dust Collection System Example

Uses

Dust collectors are used in many processes to either recover valuable granular solid or powder
from process streams, or to remove granular solid pollutants from exhaust gases prior to venting
to the atmosphere. Dust collection is an online process for collecting any process-generated dust
from the source point on a continuous basis. Dust collectors may be of single unit construction,
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or a collection of devices used to separate particulate matter from the process air. They are often
used as an air pollution control device to maintain or improve air quality.

Mist collectors remove particulate matter in the form of fine liquid droplets from the air. They
are often used for the collection of metal working fluids, and coolant or oil mists. Mist collectors
are often used to improve or maintain the quality of air in the workplace environment.

Fume and smoke collectors are used to remove sub micrometre size particulate from the air.
They effectively reduce or eliminate particulate matter and gas streams from many industrial
processes such as welding, rubber and plastic processing, high speed machining with coolants,
tempering, and quenching.

Configurations

Dust collectors can be configured into one of five common types.

1. Ambient units - Ambient units are free-hanging systems for use when applications limit the use
of source-capture arms or ductwork.

2. Collection booths - Collector booths require no ductwork, and allow the worker greater freedom
of movement. They are often portable.

3. Downdraft tables - A downdraft table is a self-contained portable filtration system that removes
harmful particulates and returns filtered air back into the facility with no external ventilation
required.

4. Source collector or Portable units - Portable units are for collecting dust, mist, fumes, or smoke
at the source.

5. Stationary units - An example of a stationary collector is a baghouse.

Parameters involved in specifying dust collectors

Important parameters in specifying dust collectors include airflow the velocity of the air stream
created by the vacuum producer; system power, the power of the system motor, usually specified
in horsepower; storage capacity for dust and particles, and minimum particle size filtered by the
unit. Other considerations when choosing a dust collection system include the temperature,
moisture content, and the possibility of combustion of the dust being collected.

Systems for fine removal may only contain a single filtration system (such as a filter bag or
cartridge). However, most units utilize a primary and secondary separation/filtration system. In
many cases the heat or moisture content of dust can negatively affect the filter media of a
baghouse or cartridge dust collector. A cyclone separator or dryer may be placed before these
units to reduce heat or moisture content before reaching the filters. Furthermore, some units may
have third and fourth stage filtration. All separation and filtration systems used within the unit
should be specified.
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Baghouse

A baghouse is an air pollution abatement device used to trap particulate by filtering gas streams
through large fabric bags. They are typically made of glass fibers or fabric.

Dheiee wormms

Cyclone

A cyclone separator is an apparatus for the separation, by centrifugal means, of fine particles
suspended in air or gas.
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Electrostatic Precipitator
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Electrostatic precipitators are a type of air cleaner, which charges particles of dust by passing
dust-laden air through a strong (50-100 kV) electrostatic field. This causes the particles to be
attracted to oppositely charged plates so that they can be removed from the air stream.

An impinger system is a device in which particles are removed by impacting the aerosol particles
into a liquid. Modular media type units combine a variety of specific filter modules in one unit.
These systems can provide solutions to many air contaminant problems. A typical system
incorporates a series of disposable or cleanable pre-filters, a disposable vee-bag or cartridge
filter. HEPA or carbon final filter modules can also be added. Various models are available,
including free-hanging or ducted installations, vertical or horizontal mounting, and fixed or
portable configurations. Filter cartridges are made out of a variety of synthetic fibers and are
capable of collecting sub-micrometre particles without creating an excessive pressure drop in the
system. Filter cartridges require periodic cleaning.

A wet scrubber, or venturi scrubber, is similar to a cyclone but it has an orifice unit that sprays
water into the vortex in the cyclone section, collecting all of the dust in a slurry system. The
water media can be recirculated and reused to continue to filter the air. Eventually the solids
must be removed from the water stream and disposed of.

Filter cleaning methods

Online cleaning — automatically timed filter cleaning which allows for continuous, uninterrupted
dust collector operation for heavy dust operations.

Offline cleaning — filter cleaning accomplished during dust collector shut down. Practical
whenever the dust loading in each dust collector cycle does not exceed the filter capacity. Allows
for maximum effectiveness in dislodging and disposing of dust.

On-demand cleaning — filter cleaning initiated automatically when the filter is fully loaded, as
determined by a specified drop in pressure across the media surface.

Reverse-pulse/Reverse-jet cleaning — Filter cleaning method which delivers blasts of
compressed air from the clean side of the filter to dislodge the accumulated dust cake.

Impact/Rapper cleaning — Filter cleaning method in which high-velocity compressed air forced

through a flexible tube results in a random rapping of the filter to dislodge the dust cake.
Especially effective when the dust is extremely fine or sticky.

Scrubber

Scrubber systems are a diverse group of air pollution control devices that can be used to remove
some particulates and/or gases from industrial exhaust streams. Traditionally, the term
"scrubber" has referred to pollution control devices that use liquid to wash unwanted pollutants
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from a gas stream. Recently, the term is also used to describe systems that inject a dry reagent or
slurry into a dirty exhaust stream to "wash out" acid gases. Scrubbers are one of the primary
devices that control gaseous emissions, especially acid gases. Scrubbers can also be used for heat
recovery from hot gases by flue gas condensation.

Removal and neutralization

The exhaust gases of combustion may contain substances considered harmful to the
environment, and the scrubber may remove or neutralize those substances.

Wet scrubbing

A wet scrubber is used to clean air, flue gas or other gases of various pollutants and dust
particles. Wet scrubbing works via the contact of target compounds or particulate matter with the
scrubbing solution. Solutions may simply be water (for dust) or solutions of reagents that
specifically target certain compounds.

Removal efficiency of pollutants is improved by increasing residence time in the scrubber or by
the increase of surface area of the scrubber solution by the use of a spray nozzle, packed towers
or an aspirator. Wet scrubbers may increase the proportion of water in the gas, resulting in a
visible stack plume, if the gas is sent to a stack.

Dry scrubbing

A dry or semi-dry scrubbing system, unlike the wet scrubber, does not saturate the flue gas
stream that is being treated with moisture. In some cases no moisture is added; while in other
only the amount of moisture that can be evaporated in the flue gas without condensing is added.
Therefore, dry scrubbers do generally not have a stack steam plume or wastewater
handling/disposal requirements. Dry scrubbing systems are used to remove acid gases (such as
SO; and HCI) primarily from combustion sources.

There are a number of dry type scrubbing system designs. However, all consist of two main
sections or devices: a device to introduce the acid gas sorbent material into the gas stream and a
particulate matter control device to remove reaction products, excess sorbent material as well as
any particulate matter already in the flue gas.

Dry scrubbing systems can be categorized as dry sorbent injectors (DSIs) or as spray dryer
absorbers (SDAs). Spray dryer absorbers are also called semi-dry scrubbers or spray dryers.

Dry scrubbing systems are often used for the removal of odorous and corrosive gases from
wastewater treatment plant operations. The media used is typically an activated alumina
compound impregnated with materials to handle specific gases such as hydrogen sulfide. Media
used can be mixed together to offer a wide range of removal for other odorous compounds such
as methyl mercaptans, aldehydes, volatile organic compounds, dimethyl sulfide, and dimethyl
disulfide.
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Dry sorbent injection involves the addition of an alkaline material (usually hydrated lime or
soda ash) into the gas stream to react with the acid gases. The sorbent can be injected directly
into several different locations: the combustion process, the flue gas duct (ahead of the
particulate control device), or an open reaction chamber (if one exists). The acid gases react with
the alkaline sorbets to form solid salts which are removed in the particulate control device. These
simple systems can achieve only limited acid gas (SO, and HCI) removal efficiencies. Higher
collection efficiencies can be achieved by increasing the flue gas humidity (i.e., cooling using
water spray). These devices have been used on medical waste incinerators and a few municipal
waste combustors.

In spray dryer absorbers, the flue gases are introduced into an absorbing tower (dryer) where
the gases are contacted with a finely atomized alkaline slurry. Acid gases are absorbed by the
slurry mixture and react to form solid salts which are removed by the particulate control device.
The heat of the flue gas is used to evaporate all the water droplets, leaving a non-saturated flue
gas to exit the absorber tower. Spray dryers are capable of achieving high (80+%) acid gas
removal efficiencies. These devices have been used on industrial and utility boilers and
municipal waste incinerators.

Mercury removal

Mercury is a highly toxic compound commonly found in coal and municipal waste. Wet
scrubbers are only effective for mercury removal under certain conditions. Mercury vapor in its
elemental form, Hg’, is insoluble in the scrubber slurry and not removed. Oxidized mercury,
Hg”", compounds are more soluble in the scrubber slurry and can be captured. The type of coal
burned as well as the presence of a selective catalytic reduction unit both affect the ratio of
elemental to oxidized mercury in the flue gas and thus the degree to which the mercury is
removed. xv

Heat recovery

Wet scrubbers can be used for heat recovery from hot gases by flue gas condensation. In this
mode, termed a condensing scrubber, water from the scrubber drain is circulated through a cooler
to the nozzles at the top of the scrubber. The hot gas enters the scrubber at the bottom. If the gas
temperature is above the water dew point, it is initially cooled by evaporation of water drops.
Further cooling cause water vapors to condense, adding to the amount of circulating water.

The condensation of water release significant amounts of low temperature heat (more than
2 gigajoules (560 kW-h) per ton of water), that can be recovered by the cooler for e.g. district
heating purposes.

Excess condensed water must continuosly be removed from the circulating water.

The gas leaves the scrubber at its dew point, so even though significant amounts of water may
have been removed from the cooled gas, it is likely to leave a visible stack plume of water vapor.
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Scrubber waste products

One side effect of scrubbing is that the process only moves the unwanted substance from the
exhaust gases into a liquid solution, solid paste or powder form. This must be disposed of safely,
if it can not be reused.

For example, mercury removal results in a waste product that either needs further processing to
extract the raw mercury, or must be buried in a special hazardous wastes landfill that prevents
the mercury from seeping out into the environment.

As an example of reuse, limestone-based scrubbers in coal fired power plants can produce a
synthetic gypsum of sufficient quality that can be used to manufacture drywall and other
industrial products.

Bacteria spread

Poorly maintained scrubbers have the potential to spread disease-causing bacteria. The problem
is a result of inadequate cleaning. For example, the cause of a 2005 outbreak of Legionnaires'
disease in Norway was just a few infected scrubbers. The outbreak caused 10 deaths and more
than 50 cases of infection.
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Sewage treatment

s )l o v

The objective of sewage treatment is to produce a disposable effluent without causing harm to the
surrounding environment and prevent pollution.

Sewage treatment, or domestic wastewater treatment, is the process of removing
contaminants from wastewater and household sewage, both runoff (effluents) and domestic. It
includes physical, chemical, and biological processes to remove physical, chemical and
biological contaminants. Its objective is to produce an environmentally-safe fluid waste stream
(or treated effluent) and a solid waste (or treated sludge) suitable for disposal or reuse (usually as
farm fertilizer).

Origins of sewage

Sewage is created by residential, institutional, and commercial and industrial establishments and
includes household waste liquid from toilets, baths, showers, kitchens, sinks and so forth that is
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disposed of via sewers. In many areas, sewage also includes liquid waste from industry and
commerce.

The separation and draining of household waste into greywater and blackwater is becoming more
common in the developed world, with greywater being permitted to be used for watering plants
or recycled for flushing toilets. Most sewage also includes some surface water from roofs or
hard-standing areas and may include stormwater runoff.

Sewerage systems capable of handling stormwater are known as combined systems or combined
sewers. Such systems are usually avoided now since they complicate and thereby reduce the
efficiency of sewage treatment plants owing to their seasonality. The wide variability in flow,
affected by precipitation, also leads to a need to construct much larger, more expensive,
treatment facilities than would otherwise be required. In addition, heavy storms that contribute
greater excess flow than the treatment plant can handle may overwhelm the sewage treatment
system, causing a spill or overflow. Modern sewered developments tend to be provided with
separate storm drain systems for rainwater.

As rainfall travels over roofs and the ground, it may pick up various contaminants including soil
particles and other sediment, heavy metals, organic compounds, animal waste, and oil and
grease. Some jurisdictions require stormwater to receive some level of treatment before being
discharged directly into waterways. Examples of treatment processes used for stormwater
include retention basins, wetlands, buried vaults with various kinds of media filters, and vortex
separators (to remove coarse solids). Sanitary sewers are typically much smaller than storm
sewers, and they are not designed to transport stormwater. In areas with basements, backups of
raw sewage can occur if excessive stormwater is allowed into a sanitary sewer system.

Process overview

Sewage can be treated close to where it is created, a decentralised system, (in septic tanks,
biofilters or aerobic treatment systems), or be collected and transported via a network of pipes
and pump stations to a municipal treatment plant, a centralised system. Sewage collection and
treatment is typically subject to local, state and federal regulations and standards. Industrial
sources of wastewater often require specialized treatment processes.

Sewage treatment generally involves three stages, called primary, secondary and tertiary
treatment.

e Primary treatment consists of temporarily holding the sewage in a quiescent basin where heavy
solids can settle to the bottom while oil, grease and lighter solids float to the surface. The
settled and floating materials are removed and the remaining liquid may be discharged or
subjected to secondary treatment.

e Secondary treatment removes dissolved and suspended biological matter. Secondary treatment
is typically performed by indigenous, water-borne micro-organisms in a managed habitat.
Secondary treatment may require a separation process to remove the micro-organisms from the
treated water prior to discharge or tertiary treatment.
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Tertiary treatment is sometimes defined as anything more than primary and secondary
treatment in order to allow rejection into a highly sensitive or fragile ecosystem (estuaries, low-
flow rivers, coral reefs,...). Treated water is sometimes disinfected chemically or physically (for
example, by lagoons and microfiltration) prior to discharge into a stream, river, bay, lagoon or
wetland, or it can be used for the irrigation of a golf course, green way or park. If it is sufficiently
clean, it can also be used for groundwater recharge or agricultural purposes.

Process Flow Diagram for a typical large-scale treatment plant
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Process Flow Diagram for a typical treatment plant via Subsurface Flow Constructed Wetlands (SFCW)
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Pre-treatment

Pre-treatment removes materials that can be easily collected from the raw wastewater before they
damage or clog the pumps and skimmers of primary treatment clarifiers (trash, tree limbs, leaves,
etc.).

Screening

The influent sewage water is screened to remove all large objects carried in the sewage stream.
This is most commonly done with an automated mechanically raked bar screen in modern plants
serving large populations, whilst in smaller or less modern plants a manually cleaned screen may
be used. The raking action of a mechanical bar screen is typically paced according to the
accumulation on the bar screens and/or flow rate. The solids are collected and later disposed in a
landfill or incinerated. Bar screens or mesh screens of varying sizes may be used to optimise
solids removal. If gross solids are not removed they become entrained in pipes and moving parts
of the treatment plant and can cause substantial damage and inefficiency in the process.

Grit removal

Pre-treatment may include a sand or grit channel or chamber where the velocity of the incoming
wastewater is adjusted to allow the settlement of sand, grit, stones, and broken glass. These
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particles are removed because they may damage pumps and other equipment. For small sanitary
sewer systems, the grit chambers may not be necessary, but grit removal is desirable at larger
plants.

An empty sedimentation tank at the treatment plant in Merchtem, Belgium

Fat and grease removal

In some larger plants, fat and grease is removed by passing the sewage through a small tank
where skimmers collect the fat floating on the surface. Air blowers in the base of the tank may
also be used to help recover the fat as a froth. In most plants however, fat and grease removal
takes place in the primary settlement tank using mechanical surface skimmers.

Primary treatment

In the primary sedimentation stage, sewage flows through large tanks, commonly called
"primary clarifiers" or "primary sedimentation tanks." The tanks are used to settle sludge while
grease and oils rise to the surface and are skimmed off. Primary settling tanks are usually
equipped with mechanically driven scrapers that continually drive the collected sludge towards a
hopper in the base of the tank where it is pumped to sludge treatment facilities. Grease and oil
from the floating material can sometimes be recovered for saponification.
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The dimensions of the tank should be designed to effect removal of a high percentage of the
floatables and sludge. A typical sedimentation tank may remove from 60 to 65 percent of
suspended solids, and from 30 to 35 percent of biochemical oxygen demand (BOD) from the
sewage.

Secondary treatment

Secondary treatment is designed to substantially degrade the biological content of the sewage
which are derived from human waste, food waste, soaps and detergent. The majority of
municipal plants treat the settled sewage liquor using aerobic biological processes. To be
effective, the biota require both oxygen and food to live. The bacteria and protozoa consume
biodegradable soluble organic contaminants (e.g. sugars, fats, organic short-chain carbon
molecules, etc.) and bind much of the less soluble fractions into floc. Secondary treatment
systems are classified as fixed-film or suspended-growth systems.

e Fixed-film or attached growth systems include trickling filters and rotating biological contactors,
where the biomass grows on media and the sewage passes over its surface.

e Suspended-growth systems include activated sludge, where the biomass is mixed with the
sewage and can be operated in a smaller space than fixed-film systems that treat the same
amount of water. However, fixed-film systems are more able to cope with drastic changes in the
amount of biological material and can provide higher removal rates for organic material and
suspended solids than suspended growth systems.

Roughing filters are intended to treat particularly strong or variable organic loads, typically
industrial, to allow them to then be treated by conventional secondary treatment processes.
Characteristics include filters filled with media to which wastewater is applied. They are
designed to allow high hydraulic loading and a high level of aeration. On larger installations, air
is forced through the media using blowers. The resultant wastewater is usually within the normal
range for conventional treatment processes.
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A generalized, schematic diagram of an activated sludge process
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A filter removes a small percentage of the suspended organic matter, while the majority of the
organic matter undergoes a change of character, only due to the biological oxidation and
nitrification taking place in the filter. With this aerobic oxidation and nitrification, the organic
solids are converted into coagulated suspended mass, which is heavier and bulkier, and can settle
to the bottom of a tank. The effluent of the filter is therefore passed through a sedimentation
tank, called a secondary clarifier, secondary settling tank or humus tank.

Activated sludge

In general, activated sludge plants encompass a variety of mechanisms and processes that use
dissolved oxygen to promote the growth of biological floc that substantially removes organic
material.

The process traps particulate material and can, under ideal conditions, convert ammonia to nitrite
and nitrate and ultimately to nitrogen gas.
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A TYPICAL SURFACE - AERATED BASIN
Mote: The ring floats are tethered to posts on the berms.

A Typical Surface-Aerated Basin (using motor-driven floating aerators)

Surface-aerated basins (Lagoons)

Many small municipal sewage systems in the United States (1 million gal./day or less) use
aerated lagoons.

Most biological oxidation processes for treating industrial wastewaters have in common the use
of oxygen (or air) and microbial action. Surface-aerated basins achieve 80 to 90 percent removal
of BOD with retention times of 1 to 10 days. The basins may range in depth from 1.5 to 5.0
metres and use motor-driven aerators floating on the surface of the wastewater.

In an aerated basin system, the aerators provide two functions: they transfer air into the basins
required by the biological oxidation reactions, and they provide the mixing required for
dispersing the air and for contacting the reactants (that is, oxygen, wastewater and microbes).
Typically, the floating surface aerators are rated to deliver the amount of air equivalent to 1.8 to
2.7 kg O,/kW-h. However, they do not provide as good mixing as is normally achieved in
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activated sludge systems and therefore aerated basins do not achieve the same performance level
as activated sludge units.

Biological oxidation processes are sensitive to temperature and, between 0 °C and 40 °C, the rate
of biological reactions increase with temperature. Most surface aerated vessels operate at
between 4 °C and 32 °C.

Constructed wetlands

Constructed wetlands (can either be surface flow or subsurface flow, horizontal or vertical flow),
include engineered reedbeds and belong to the family of phytorestoration and ecotechnologies;
they provide a high degree of biological improvement and depending on design, act as a primary,
secondary and sometimes tertiary treatment. One example is a small reedbed used to clean the
drainage from the elephants' enclosure at Chester Zoo in England; numerous CWs are used to
recycle the water of the city of Honfleur in France and numerous other towns in Europe, the US,
Asia and Australia. They are known to be highly productive systems as they copy natural
wetlands, called the "Kidneys of the earth" for their fundamental recycling capacity of the
hydrological cycle in the biosphere. Robust and reliable, their treatment capacities improve as
time go by, at the opposite of conventional treatment plants whose machinery age with time.
They are being increasingly used, although adequate and experienced design are more
fundamental than for other systems and space limitation may impede their use.

Filter beds (oxidizing beds)

In older plants and those receiving variable loadings, trickling filter beds are used where the
settled sewage liquor is spread onto the surface of a bed made up of coke (carbonized coal),
limestone chips or specially fabricated plastic media. Such media must have large surface areas
to support the biofilms that form. The liquor is typically distributed through perforated spray
arms. The distributed liquor trickles through the bed and is collected in drains at the base. These
drains also provide a source of air which percolates up through the bed, keeping it aerobic.
Biological films of bacteria, protozoa and fungi form on the media’s surfaces and eat or
otherwise reduce the organic content. This biofilm is often grazed by insect larvae, snails, and
worms which help maintain an optimal thickness. Overloading of beds increases the thickness of
the film leading to clogging of the filter media and ponding on the surface. Recent advances in
media and process micro-biology design overcome many issues with Trickling filter designs.

Soil Bio-Technology

A new process called Soil Bio-Technology (SBT) developed at IIT Bombay has shown
tremendous improvements in process efficiency enabling total water reuse, due to extremely low
operating power requirements of less than 50 joules per kg of treated water. Typically SBT
systems can achieve chemical oxygen demand (COD) levels less than 10 mg/L from sewage
input of COD 400 mg/L. SBT plants exhibit high reductions in COD values and bacterial counts
as a result of the very high microbial densities available in the media. Unlike conventional
treatment plants, SBT plants produce insignificant amounts of sludge, precluding the need for
sludge disposal areas that are required by other technologies.
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In the Indian context, conventional sewage treatment plants fall into systemic disrepair due to 1)
high operating costs, 2) equipment corrosion due to methanogenesis and hydrogen sulphide, 3)
non-reusability of treated water due to high COD (>30 mg/L) and high fecal coliform (>3000
NFU) counts, 4) lack of skilled operating personnel and 5) equipment replacement issues.
Examples of such systemic failures has been documented by Sankat Mochan Foundation at the
Ganges basin after a massive cleanup effort by the Indian government in 1986 by setting up
sewage treatment plants under the Ganga Action Plan failed to improve river water quality.

Biological aerated filters

Biological Aerated (or Anoxic) Filter (BAF) or Biofilters combine filtration with biological
carbon reduction, nitrification or denitrification. BAF usually includes a reactor filled with a
filter media. The media is either in suspension or supported by a gravel layer at the foot of the
filter. The dual purpose of this media is to support highly active biomass that is attached to it and
to filter suspended solids. Carbon reduction and ammonia conversion occurs in aerobic mode and
sometime achieved in a single reactor while nitrate conversion occurs in anoxic mode. BAF is
operated either in upflow or downflow configuration depending on design specified by
manufacturer.
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Schematic diagram of a typical rotating biological contactor (RBC). The treated effluent clarifier/settler is
not included in the diagram.

Rotating biological contactors

Rotating biological contactors (RBCs) are mechanical secondary treatment systems, which are
robust and capable of withstanding surges in organic load. RBCs were first installed in Germany
in 1960 and have since been developed and refined into a reliable operating unit. The rotating
disks support the growth of bacteria and micro-organisms present in the sewage, which break
down and stabilise organic pollutants. To be successful, micro-organisms need both oxygen to
live and food to grow. Oxygen is obtained from the atmosphere as the disks rotate. As the micro-
organisms grow, they build up on the media until they are sloughed off due to shear forces
provided by the rotating discs in the sewage. Effluent from the RBC is then passed through final
clarifiers where the micro-organisms in suspension settle as a sludge. The sludge is withdrawn
from the clarifier for further treatment.
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A functionally similar biological filtering system has become popular as part of home aquarium
filtration and purification. The aquarium water is drawn up out of the tank and then cascaded
over a freely spinning corrugated fiber-mesh wheel before passing through a media filter and
back into the aquarium. The spinning mesh wheel develops a biofilm coating of microorganisms
that feed on the suspended wastes in the aquarium water and are also exposed to the atmosphere
as the wheel rotates. This is especially good at removing waste urea and ammonia urinated into
the aquarium water by the fish and other animals.

Membrane bioreactors

Membrane bioreactors (MBR) combine activated sludge treatment with a membrane liquid-solid
separation process. The membrane component uses low pressure microfiltration or ultra filtration
membranes and eliminates the need for clarification and tertiary filtration. The membranes are
typically immersed in the aeration tank; however, some applications utilize a separate membrane
tank. One of the key benefits of an MBR system is that it effectively overcomes the limitations
associated with poor settling of sludge in conventional activated sludge (CAS) processes. The
technology permits bioreactor operation with considerably higher mixed liquor suspended solids
(MLSS) concentration than CAS systems, which are limited by sludge settling. The process is
typically operated at MLSS in the range of 8,000-12,000 mg/L, while CAS are operated in the
range of 2,000-3,000 mg/L. The elevated biomass concentration in the MBR process allows for
very effective removal of both soluble and particulate biodegradable materials at higher loading
rates. Thus increased sludge retention times, usually exceeding 15 days, ensure complete
nitrification even in extremely cold weather.

The cost of building and operating an MBR is usually higher than conventional wastewater
treatment. Membrane filters can be blinded with grease or abraded by suspended grit and lack a
clarifier's flexibility to pass peak flows. The technology has become increasingly popular for
reliably pretreated waste streams and has gained wider acceptance where infiltration and inflow
have been controlled, however, and the life-cycle costs have been steadily decreasing. The small
footprint of MBR systems, and the high quality effluent produced, make them particularly useful
for water reuse applications.
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Secondary sedimentation

Secondary Sedimentation tank at a rural treatment plant.

The final step in the secondary treatment stage is to settle out the biological floc or filter material
through a secondary clarifier and to produce sewage water containing low levels of organic
material and suspended matter.

Tertiary treatment

The purpose of tertiary treatment is to provide a final treatment stage to raise the effluent quality
before it is discharged to the receiving environment (sea, river, lake, ground, etc.). More than one
tertiary treatment process may be used at any treatment plant. If disinfection is practiced, it is

always the final process. It is also called "effluent polishing."

Filtration

Sand filtration removes much of the residual suspended matter. Filtration over activated carbon,
also called carbon adsorption, removes residual toxins.

WORLD TECHNOLOGIES




Lagooning

A sewage treatment plant and lagoon in Everett, Washington, United States

Lagooning provides settlement and further biological improvement through storage in large man-
made ponds or lagoons. These lagoons are highly aerobic and colonization by native
macrophytes, especially reeds, is often encouraged. Small filter feeding invertebrates such as
Daphnia and species of Rotifera greatly assist in treatment by removing fine particulates.

Nutrient removal

Wastewater may contain high levels of the nutrients nitrogen and phosphorus. Excessive release
to the environment can lead to a build up of nutrients, called eutrophication, which can in turn
encourage the overgrowth of weeds, algae, and cyanobacteria (blue-green algae). This may cause
an algal bloom, a rapid growth in the population of algae. The algae numbers are unsustainable
and eventually most of them die. The decomposition of the algae by bacteria uses up so much of
oxygen in the water that most or all of the animals die, which creates more organic matter for the
bacteria to decompose. In addition to causing deoxygenation, some algal species produce toxins
that contaminate drinking water supplies. Different treatment processes are required to remove
nitrogen and phosphorus.
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Nitrogen removal

The removal of nitrogen is effected through the biological oxidation of nitrogen from ammonia
to nitrate (nitrification), followed by denitrification, the reduction of nitrate to nitrogen gas.
Nitrogen gas is released to the atmosphere and thus removed from the water.

Nitrification itself is a two-step aerobic process, each step facilitated by a different type of
bacteria. The oxidation of ammonia (NH3) to nitrite (NO; ) is most often facilitated by
Nitrosomonas spp. (nitroso referring to the formation of a nitroso functional group). Nitrite
oxidation to nitrate (NO; ), though traditionally believed to be facilitated by Nitrobacter spp.
(nitro referring the formation of a nitro functional group), is now known to be facilitated in the
environment almost exclusively by Nitrospira spp.

Denitrification requires anoxic conditions to encourage the appropriate biological communities
to form. It is facilitated by a wide diversity of bacteria. Sand filters, lagooning and reed beds can
all be used to reduce nitrogen, but the activated sludge process (if designed well) can do the job
the most easily. Since denitrification is the reduction of nitrate to dinitrogen gas, an electron
donor is needed. This can be, depending on the wastewater, organic matter (from faeces), sulfide,
or an added donor like methanol.

Sometimes the conversion of toxic ammonia to nitrate alone is referred to as tertiary treatment.

Many sewage treatment plants use axial flow pumps to transfer the nitrified mixed liquor from
the aeration zone to the anoxic zone for denitrification. These pumps are often referred to as
Internal Mixed Liquor Recycle (IMLR) pumps.

Phosphorus removal

Phosphorus removal is important as it is a limiting nutrient for algae growth in many fresh water
systems. It is also particularly important for water reuse systems where high phosphorus
concentrations may lead to fouling of downstream equipment such as reverse osmosis.

Phosphorus can be removed biologically in a process called enhanced biological phosphorus
removal. In this process, specific bacteria, called polyphosphate accumulating organisms
(PAOs), are selectively enriched and accumulate large quantities of phosphorus within their cells
(up to 20 percent of their mass). When the biomass enriched in these bacteria is separated from
the treated water, these biosolids have a high fertilizer value.

Phosphorus removal can also be achieved by chemical precipitation, usually with salts of iron
(e.g. ferric chloride), aluminum (e.g. alum), or lime. This may lead to excessive sludge
production as hydroxides precipitates and the added chemicals can be expensive. Chemical
phosphorus removal requires significantly smaller equipment footprint than biological removal,
is easier to operate and is often more reliable than biological phosphorus removal. Another
method for phosphorus removal is to use granular laterite.
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Once removed, phosphorus, in the form of a phosphate-rich sludge, may be stored in a land fill
or resold for use in fertilizer.

Disinfection

The purpose of disinfection in the treatment of wastewater is to substantially reduce the number
of microorganisms in the water to be discharged back into the environment. The effectiveness of
disinfection depends on the quality of the water being treated (e.g., cloudiness, pH, etc.), the type
of disinfection being used, the disinfectant dosage (concentration and time), and other
environmental variables. Cloudy water will be treated less successfully, since solid matter can
shield organisms, especially from ultraviolet light or if contact times are low. Generally, short
contact times, low doses and high flows all militate against effective disinfection. Common
methods of disinfection include ozone, chlorine, ultraviolet light, or sodium hypochlorite.
Chloramine, which is used for drinking water, is not used in wastewater treatment because of its
persistence.

Chlorination remains the most common form of wastewater disinfection in North America due to
its low cost and long-term history of effectiveness. One disadvantage is that chlorination of
residual organic material can generate chlorinated-organic compounds that may be carcinogenic
or harmful to the environment. Residual chlorine or chloramines may also be capable of
chlorinating organic material in the natural aquatic environment. Further, because residual
chlorine is toxic to aquatic species, the treated effluent must also be chemically dechlorinated,
adding to the complexity and cost of treatment.

Ultraviolet (UV) light can be used instead of chlorine, iodine, or other chemicals. Because no
chemicals are used, the treated water has no adverse effect on organisms that later consume it, as
may be the case with other methods. UV radiation causes damage to the genetic structure of
bacteria, viruses, and other pathogens, making them incapable of reproduction. The key
disadvantages of UV disinfection are the need for frequent lamp maintenance and replacement
and the need for a highly treated effluent to ensure that the target microorganisms are not
shielded from the UV radiation (i.e., any solids present in the treated effluent may protect
microorganisms from the UV light). In the United Kingdom, UV light is becoming the most
common means of disinfection because of the concerns about the impacts of chlorine in
chlorinating residual organics in the wastewater and in chlorinating organics in the receiving
water. Some sewage treatment systems in Canada and the US also use UV light for their effluent
water disinfection.

Ozone (O3) is generated by passing oxygen (O;) through a high voltage potential resulting in a
third oxygen atom becoming attached and forming Os. Ozone is very unstable and reactive and
oxidizes most organic material it comes in contact with, thereby destroying many pathogenic
microorganisms. Ozone is considered to be safer than chlorine because, unlike chlorine which
has to be stored on site (highly poisonous in the event of an accidental release), ozone is
generated onsite as needed. Ozonation also produces fewer disinfection by-products than
chlorination. A disadvantage of ozone disinfection is the high cost of the ozone generation
equipment and the requirements for special operators.
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Odour Control

Odours emitted by sewage treatment are typically an indication of an anaerobic or "septic"
condition. Early stages of processing will tend to produce smelly gases, with hydrogen sulfide
being most common in generating complaints. Large process plants in urban areas will often
treat the odours with carbon reactors, a contact media with bio-slimes, small doses of chlorine, or
circulating fluids to biologically capture and metabolize the obnoxious gases. Other methods of
odour control exist, including addition of iron salts, hydrogen peroxide, calcium nitrate, etc. to
manage hydrogen sulfide levels.

Package plants and batch reactors

To use less space, treat difficult waste and intermittent flows, a number of designs of hybrid
treatment plants have been produced. Such plants often combine at least two stages of the three
main treatment stages into one combined stage. In the UK, where a large number of wastewater
treatment plants serve small populations, package plants are a viable alternative to building a
large structure for each process stage. In the US, package plants are typically used in rural areas,
highway rest stops and trailer parks.

One type of system that combines secondary treatment and settlement is the sequencing batch
reactor (SBR). Typically, activated sludge is mixed with raw incoming sewage, and then mixed
and aerated. The settled sludge is run off and re-aerated before a proportion is returned to the
headworks. SBR plants are now being deployed in many parts of the world.

The disadvantage of the SBR process is that it requires a precise control of timing, mixing and
aeration. This precision is typically achieved with computer controls linked to sensors. Such a
complex, fragile system is unsuited to places where controls may be unreliable, poorly
maintained, or where the power supply may be intermittent.

Package plants may be referred to as high charged or low charged. This refers to the way the
biological load is processed. In high charged systems, the biological stage is presented with a
high organic load and the combined floc and organic material is then oxygenated for a few hours
before being charged again with a new load. In the low charged system the biological stage
contains a low organic load and is combined with flocculate for longer times.

Sludge treatment and disposal

The sludges accumulated in a wastewater treatment process must be treated and disposed of in a
safe and effective manner. The purpose of digestion is to reduce the amount of organic matter
and the number of disease-causing microorganisms present in the solids. The most common
treatment options include anaerobic digestion, aerobic digestion, and composting. Incineration is
also used albeit to a much lesser degree.
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Sludge treatment depends on the amount of solids generated and other site-specific conditions.
Composting is most often applied to small-scale plants with aerobic digestion for mid sized
operations, and anaerobic digestion for the larger-scale operations.

Anaerobic digestion

Anaerobic digestion is a bacterial process that is carried out in the absence of oxygen. The
process can either be thermophilic digestion, in which sludge is fermented in tanks at a
temperature of 55°C, or mesophilic, at a temperature of around 36°C. Though allowing shorter
retention time (and thus smaller tanks), thermophilic digestion is more expensive in terms of
energy consumption for heating the sludge.

Anaerobic digestion is the most common (mesophilic) treatment of domestic sewage in septic
tanks, which normally retain the sewage from one day to two days, reducing the BOD by about
35 to 40 percent. This reduction can be increased with a combination of anaerobic and aerobic
treatment by installing Aerobic Treatment Units (ATUs) in the septic tank.

One major feature of anaerobic digestion is the production of biogas (with the most useful
component being methane), which can be used in generators for electricity production and/or in
boilers for heating purposes.

Aerobic digestion

Aerobic digestion is a bacterial process occurring in the presence of oxygen. Under aerobic
conditions, bacteria rapidly consume organic matter and convert it into carbon dioxide. The
operating costs used to be characteristically much greater for acrobic digestion because of the
energy used by the blowers, pumps and motors needed to add oxygen to the process.

Aerobic digestion can also be achieved by using diffuser systems or jet aerators to oxidize the
sludge.

Composting

Composting is also an aerobic process that involves mixing the sludge with sources of carbon
such as sawdust, straw or wood chips. In the presence of oxygen, bacteria digest both the
wastewater solids and the added carbon source and, in doing so, produce a large amount of heat.

Incineration

Incineration of sludge is less common because of air emissions concerns and the supplemental
fuel (typically natural gases or fuel oil) required to burn the low calorific value sludge and
vaporize residual water. Stepped multiple hearth incinerators with high residence time and
fluidized bed incinerators are the most common systems used to combust wastewater sludge. Co-
firing in municipal waste-to-energy plants is occasionally done, this option being less expensive
assuming the facilities already exist for solid waste and there is no need for auxiliary fuel.
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Sludge disposal

When a liquid sludge is produced, further treatment may be required to make it suitable for final
disposal. Typically, sludges are thickened (dewatered) to reduce the volumes transported off-site
for disposal. There is no process which completely eliminates the need to dispose of biosolids.
There is, however, an additional step some cities are taking to superheat sludge and convert it
into small pelletized granules that are high in nitrogen and other organic materials. In New York
City, for example, several sewage treatment plants have dewatering facilities that use large
centrifuges along with the addition of chemicals such as polymer to further remove liquid from
the sludge. The removed fluid, called centrate, is typically reintroduced into the wastewater
process. The product which is left is called "cake" and that is picked up by companies which turn
it into fertilizer pellets. This product is then sold to local farmers and turf farms as a soil
amendment or fertilizer, reducing the amount of space required to dispose of sludge in landfills.
Much sludge originating from commercial or industrial areas is contaminated with toxic
materials that are released into the sewers from the industrial processes. Elevated concentrations
of such materials may make the sludge unsuitable for agricultural use and it may then have to be
incinerated or disposed of to landfill.

Treatment in the receiving environment

The outlet of a wastewater treating plant flows into a small river
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Many processes in a wastewater treatment plant are designed to mimic the natural treatment
processes that occur in the environment, whether that environment is a natural water body or the
ground. If not overloaded, bacteria in the environment will consume organic contaminants,
although this will reduce the levels of oxygen in the water and may significantly change the
overall ecology of the receiving water. Native bacterial populations feed on the organic
contaminants, and the numbers of disease-causing microorganisms are reduced by natural
environmental conditions such as predation or exposure to ultraviolet radiation. Consequently, in
cases where the receiving environment provides a high level of dilution, a high degree of
wastewater treatment may not be required. However, recent evidence has demonstrated that very
low levels of specific contaminants in wastewater, including hormones (from animal husbandry
and residue from human hormonal contraception methods) and synthetic materials such as
phthalates that mimic hormones in their action, can have an unpredictable adverse impact on the
natural biota and potentially on humans if the water is re-used for drinking water. In the US and
EU, uncontrolled discharges of wastewater to the environment are not permitted under law, and
strict water quality requirements are to be met. A significant threat in the coming decades will be
the increasing uncontrolled discharges of wastewater within rapidly developing countries.

Effects on Biology
Sewage treatment plants can have multiple effects on nutrient levels in the water that the treated
sewage flows into. These effects on nutrients can have large effects on the biological life in the

water in contact with the effluent. Treatment ponds can include any of the following:

e Oxidation ponds, which are aerobic bodies of water usually 1-2 meters in depth that receive
effluent from sedimentation tanks or other forms of primary treatment.

* Dominated by algae

e Polishing ponds are similar to oxidation ponds but receive effluent from an oxidation pond or
from a plant with an extended mechanical treatment.

* Dominated by zooplankton

e Raw sewage lagoons or sewage lagoons are aerobic ponds where sewage is added with no
primary treatment other than coarse screening.
e Anaerobic lagoons are heavily loaded ponds.

* Dominated by bacteria

e Sludge lagoons are aerobic ponds, usually 2-5 meters in depth, that receive anaerobically
digested primary sludge, or activated secondary sludge under water.

* Upper layers are dominated by algae
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Phosphorous limitation is a possible result from sewage treatment and results in flagellate-
dominated plankton, particularly in summer and fall.

At the same time a different study found high nutrient concentrations linked to sewage effluents.
High nutrient concentration leads to high chlorophyll a concentrations, which is a proxy for
primary production in marine environments. High primary production means high phytoplankton
populations and most likely high zooplankton populations because zooplankton feed on
phytoplankton. However, effluent released into marine systems also leads to greater population
instability.

A study done in Britain found that the quality of effluent effected the planktonic life in the water
in direct contact with the wastewater effluent. Turbid, low-quality effluents either did not contain
ciliated protozoa or contained only a few species in small numbers. On the other hand, high-
quality effluents contained a wide variety of ciliated protozoa in large numbers. Due to these
findings, it seems unlikely that any particular component of the industrial effluent has, by itself,
any harmful effects on the protozoan populations of activated sludge plants.

The planktonic trends of high populations close to input of treated sewage is contrasted by the
bacterial trend. In a study of Aeromonas spp. in increasing distance from a wastewater source,
greater change in seasonal cycles was found the furthest from the effluent. This trend is so strong
that the furthest location studied actually had an inversion of the Aeromonas spp. cycle in
comparison to that of fecal coliforms. Since there is a main pattern in the cycles that occurred
simultaneously at all stations it indicates seasonal factors (temperature, solar radiation,
phytoplankton) control of the bacterial population. The effluent dominant species changes from
Aeromonas caviae in winter to Aeromonas sobria in the spring and fall while the inflow
dominant species is Aeromonas caviae, which is constant throughout the seasons.

Sewage treatment in developing countries

Few reliable figures on the share of the wastewater collected in sewers that is being treated in the
world exist. In many developing countries the bulk of domestic and industrial wastewater is
discharged without any treatment or after primary treatment only. In Latin America about 15%
of collected wastewater passes through treatment plants (with varying levels of actual treatment).
In Venezuela, a below average country in South America with respect to wastewater treatment,
97 percent of the country’s sewage is discharged raw into the environment. In a relatively
developed Middle Eastern country such as Iran, Tehran's majority of population has totally
untreated sewage injected to the city’s groundwater.

In Israel, about 50 percent of agricultural water usage (total use was 1 billion cubic metres in
2008) is provided through reclaimed sewer water. Future plans call for increased use of treated

sewer water as well as more desalination plants.

Most of sub-Saharan Africa is without wastewater treatment.

WORLD TECHNOLOGIES




Vapor recovery

Gas nozzle with vapor recovery

Vapor (or vapour) recovery is the process of recovering the vapors of gasoline or other fuels,
so that they do not escape into the atmosphere. This is often done (or required by law) at filling
stations, in order to reduce noxious and potentially explosive fumes and pollution.

The negative pressure created in the (underground) tank by the withdrawal is usually used to pull
in the vapors. They are drawn-in through holes in the side of the nozzle and travel through
special hoses which have a return path.

Criticism

As the recovered vapors are inferior to the full composition of modern automotive gasoline, this
can result in poorer fuel being supplied if the tank is topped up after the pump has automatically
shut-off. The US Environmental Protection Agency notes that trying to do this can waste
consumers money.

California has mandated the devices be retrofitted by gas station owners, forcing small

businesses which sell gasoline as an extra service to their customers, on whom compliance costs
fall more heavily, to close their pumps. Owners complain that they are over-regulated already,

WORLD TECHNOLOGIES




with one noting he already has to "maintain 19 annual permits costing the business between
$15,000 and $20,000 annually."

By comparison, a gas station generates average daily revenues of $10,000$ to $50,000.

Other industries

Vapor recovery is also used in the chemical process industry to remove and recover vapors from
storage tanks. The vapors are usually either environmentally hazardous, or valuable to be
recovered. The process consists of a closed venting system from the storage tank ullage space to
a vapor recovery unit (VRU) which will recover the vapors for return to the process or destroy
them, usually by oxidation.
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